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PBEFACE TO THE FIRST EDITION 

The Engineering text book (0. E, College Papers, No. X) 
hitherto used by the junior classes of the College of Engineering 
having run out of print, it is in contemplation to issue new 
text in the shape of a series of Manuals. The present Vband- 
book forms the first of the series. Owing to the gradual rise 
in the standard required from students, several of the articles 
in C. E. College Papers, No. X, such as those on Hydraulics 
and Strength of Materials are too incomp’ ete and out of date 
to serve as a basis for the new Manuals, while others, as that 
on Building Construction, only need amplification. The present 
Manual accordingly contains none but new matter, which has 
been derived from the best and latest authorities. 

To avoid the necessity of publishing a separate work ^or 
the Engineer Classes, such additional matter as is required 
by the senior students is incorporated in the text, but is printed 
in smaller type. At a first perusal, the large type only should 
be read. The text is freely illustrated with examples, many 
of which have been selected from the Madras University Exam- 
ination Papers. I am indebted to Sub-Conductor W. Carnes, 
2nd Assistant Master, College of Engineering, for the check 
of the correctness of their working. The solutions of examples 
are all printed in small type, but those which follow large 
text are intended for study by junior students. 

Bazin’s formulse for the co- efficients of velocity in open 
channels are presented in a form which can be borne in memory, 
and which can be readily used for the solution of examples 
without the aid of tables. For pipes, Darcy’s co-efficients are 
employed, and the examples have been worked on the supposition 
that the pipes are old an^ slightly incrusted. The discharges 
will hen,ce be found considerably less than those given by the 
various tables in ordinary use. These are for the most part 
calculated from a high fixed co-efficient which is *eally suited 
only to a new pipe of considerable size. Darcy’s, Bazin’s and 
Kutter’a co-efficients will be found graphically represented by 
curves. A collection of examples for practice, selected chiefly 
from the final examination papers of the College of Engineering, 
and from the B.G.E. degree examination papers of the Madras 
■gniversity, is given at the end of each chapter. 
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TW iollowlng works have been consulted in the preparation 
of this Manual : — 

Encyclcpsedia Britannica, Article Hydromechanics, 

Cunningham’s Eoorkee Hydraulic Experiments. 

Weisbach’s Mechanics of Engineering. 

Fanning's Hydraulic and Water Supply Engineering. 

Francis’s Lowell Hydraulic Experiments. 

Jackson’S Canal and Culvert Tables. 

Humber’s W,jter Supply of Cities and Towns. 

Jackson’s Hydraulic Manual. 

Spon’s Dictionary of Engineering. 

Higham’s Hydraulic Tables. 

Madras Irrigation Department Professional Circulars, 

Madras C. E. College Papers, No. X. 

Downing’s Hydraulics. 

Neville’s Hydraulics. 

Box's Hydraulics. 

D’Aubuisson’s Hydraulics. 

Eankine’s Civil Engineering. 

Molesworth’s Pocket Book. 

Proceedings of the Institution of Civil Engineers, passim. 

Professional Papers on Indian Engineering, 

' . Special acknowledgments are due to the author • of the 
division Hydraulics of the article Hydromechanics in the ninth 
edition, of the Encyclopcedia Britannica. The applications of 
‘the theorem of Bernoulli, the use of the principle of energy, 
and many other items have been adapted from this admirable 
work to which the student is referred for further information on 
the subject. Valuable particulars have also been derived from 
MS. notes kindly furnished by Gene.al Mullins, late Chief 
Engineer for Irrigation, Madras. 

It is intended to issue ia due course a Manual dealing with 
the constru...tion of works of Irrigation, and Town Water Supply 
and Drainage. A chapter on Hydraulic Machinery may sub* 
sequently be added to the present hand-book, and the two 
Manuals will then form a text-book on Hydraulic Engineering. 

Madeas, fi. D. L. 

Tdnudry, 1887. 


• Professor Unwin, 



PBEFACE TO THE SECOND EDITION 

In the last paragraph of the preface to the first edition it was 
tftated that the preparation of a Manual on the construction of 
works of Irrigation and Town Water Supply and Drainage was 
in contemplation. The subsequent publication of General Mullins* 
Irrigation Manual has rendered an early fulfilment if this 
intention unimperative. Arrangements were made however to 
incorporate in the Hydraulic Manual a chapter on the principles 
of Hydraulic Machines ; but owing to the latter part ol the first 
edition having sold out with unexpected rttpidity, it has become 
necessary to issue the second edition without waiting for new 
matter. 

The second edition has been carefully revised, some new 
examples have been inserted, and the answers to the exercises on 
the different chapters have been supplied. I am indebted to 
Sergeant W. H. Goddard, Instructor in Surveying and Drawing 
at the College of Engineering, for the check of some of the 
answers. 

Madras, H. D. L. 

January, 1894i. 


PEEFACE TO THE THIED EDITION 

The Third Edition has been supplied with Appendices con- 
taining tables for facilitating calculations regarding channels. 
Bazin*s co-efficients of velocity are given in these tables for 
earthen channels, and Kutter’s co-efficients for all classes of 
channels. The former have been specially calculated, and the 
latter adapted from Trautwine’s Civil Engineers’ Pocket Book. 

The answers to the examples have been revised. 

I am indebted to Sergeant B. 0. Beynolds, Instructor in 
Engineering at the College of Engineering, for the calculations 
required for the revision of the present edition. 

Madras, H. D. L. 

April, 1897. 


PEEFACE TO THE FOUETH EDITION 

The Miscellaneous Examples on pp. 93 to 98 have been supple- 
mented by questions recently set for the College and University 
Examinations. 

Madras, I>. L# 

September, 1900^ 
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UNITS AND SYMBOLS EMPLOYED 


Units.— Throughout this work 1 pound, 1 foot and 1 second are Uken 
as the units of weight, length, and time respectively, ex- 
cept where otherwise expressly stated. 

Symbols. — The following is a list of the principal symbols employed. 

In the more important formulae these symbols are printed 
in thick type, as below ; elsewhere, the capitals are print- 
ed in ordinary type, and the small letters in italics. 

A = area of a cross section in square feet. 

C = co-eflScient of discharge. 

d = depth of water in feet, or diameter of pipe in feet, or rain* 
fall in inches. 

g = acceleration of gravity, takanJiia. 52 Jt*-Pfiij.fie^ 

H = maximum head of water in feet. 
ll = head of water in feet. 

ha = head in feet required to produce velocity of approach. 

L, 1 - length of a notch, weir, pipe, 4 c., in feet. 

M = area of catchment basin in square miles. 
fi — co-efficiont of fluid friction. 

11 - ratio of base to height of slopes, 
p -= pressure at a point in lb. per square foot. ^ 
n atmospheric pressure in lb. per square foot. 

Q = volume of discharge in cubic feet per second. 

1* = hydraulic mean depth in feet. 

S — area of water surface in square feet, 
a ^ sine of slope, 
t = time in seconds, 

V = velocity in feeu per second. 

W — weight in lb. of a cubic foot of water = 62 | lb. 

X = afflux in feet. 

Z =* height of water surface in feet above datum. 
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CHAPTER I 
HYDROSTATICS 


CONTENTS 


Hydromechanics. 
Hydrostatics— Water. 
Hydrostatic laws. 

Pressure at a point. 

Pressure on a surface. 

Equal transmission op pressure 


Atmospheric Pressure. 
Siphon. 

Specific gravity. 
Flotation. 
Hydrodynamic laws. 
Ex.\mples. 


1. Hydraulics is that branch of Hydromechanics which Seals in 
a practical manner with the flow of fluids through orifices, and in 
pipes and channels. The other branches of Hydromechanics, viz.^ 
Hydrostatics and Hydrodynamics trtJao, the first of the equilibrium 
of fluids at rest, the second wiuh the mathematical theory of their 
motion. Fluids are either liquid or gaseous, the chief difference 
between these varieties being that the former arc practically incom- 
pressible, while the latter are compressible to an indefinite extent, 
in this manual we shall not deal, except incidentally, with gaseous 
fluids, and the only liquid which will be considered is water. Before 
commencing Hydraulics it will be desirable to gain some elementary 
notions of the laws of Hydrostatics. 

2. Hydrostatics — Water. — Water is an almost incompressible 
liquid, weighing very nearly 1,000 oz. or G2i lb. per cubic foot. A 
gallon of water weighs 10 lb. Water becomes solid in o'he state of 
ice at 32®F, and gaseous in the form of steam at 212®F. These 
temperatures are termed the freezing and boiling points respectively 
of water.* 


•The boiling temperature is 212® at the level of the sea under ordinary atmos- 
pherio pressure. If we ascend a mountain to a height of H feet, the air pressure 
diminishes, and the number of degrees B to be deducted from 212® for the actual 
boiling point is given by the relation H« 520B + B^. 
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Plat* I. 3. Hydrostatic Laws.— The chief laws of Hydrostatics are the 
following: — 

(i.) The joressure of loater on any plane surface is equal to the 
weight of a column of water whose base is the area of the 
surface and whose height is the depth of the centre of 
gravity of the surface below the surface level of the water, 

Jii.) The direction of the pressicre on a surface is perpendicular 
to that surface, 

(iii.'j The resultant pressure of water 07i a body immersed^ or 
partly immersed in it acts vertically upwards^ and is 
equal to the weight of the water displaced. If the body 
floats, it follows that the weight of the water displaced 
is equal to the weight of the body. 

4. Pressure at a point.— The pressure at a point is the pressure 
mr unit of area. If the unit is 1 s. foot, and the depth of the point h 
feet, the pressure ph at this point is the pressure on an area of 1 s. ft 
at a depth h ; i.e., by law (i), ph = (1 s- ft. x h) c. ft. x 62^ lb., or, 
if we denote the weight of a cubic foot of water by tu, 

p, = wh (1) 

The pressures at any two points at the same level in a liquid 
are evidently equal. 

5. Pressure on a surface.— The above result combined with 
law (ii) furnishes a mode of graphically representing the pressure on 
a plane surface. First take a vertical surface, such as a sluice shutter 
or lock wall, and consider an indefinitely small horizontal length of 
the surface, in fact a line as AL (fig. 1). Set off BBj equal and 
perpendicular to AB. Then BBj --=r h — where ph is the pressure 
at B. Join AB^. Take any point Q at a depth x, and draw QQ^ 
perpendicular to AB. By similar triangles QQi ^ 2 ;=^. Hence 

the pressures at every point of AB are epresented in magnitude 
and direction by the horizontal ordinates of the triangle ABB^. If 

p 

P be the whole pressure on AB, i.e. 2 iPx), we have - = area of 

triangular lamina ABB^ = ^ P = The result- 

ant of all the pressures must pass through the centre of gravity 
of the triangle, and it therefore cuts AB at a point 0 such that 

If the surface occupies the position QB, the whole pressure is 
tv X (area of trapezoid QBB^Qi). and the centre of pressure is the 
point in which the horizontal through the centre of gravity of the 
trapezoid cuts QB. 
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If the surface, and consequently the line AB is sloping (fig. 2),>Piau 
set off BBi ( — h) perpendicular to AB. 

P w X (area ABB^) = w. ; and AC = | AB. 


Boturning to the vertical surface, let it have a definite length I 
(fig. 3). The triangle ABB^ develops into a triangular wed^e of 
length I, and 


P :=w X (volume of wedge) ~ wl x (area of triangle) = lol 




The resultant pressure P acts horizontally through the centre of 
gravity of the wedge, and the centre of pressure C is at a depth 
of |/i. 

The value of the whole or resultant pressure can readily be 
obtained from law (i). Thus, in the last example, area of surface 

= hi ; depth of its centre of gravity = ~ P = whl.^. The ad- 


vantage of the graphic method is that it indicates both the mode 
of distribution of the pressure, and the position of the centre of 
pressure. 

The distribution of pressure on triangular, quadrilateral and cir- 
cular surfaces immersed vertically is shewn in figs. 4, 5, 6, and 7. 


Ex. 1.— A rectangular sluice shutter is 8J ft. in height, and 4 ft. in width. 
Find the whole pressure when the water on one side of it stands (a) 6 ft., (b) 8 ft. 
on the sill, there being no water pressure on the other side. 

The flutfaco being a vertical one, V Hence 


(а) P 

(б) P 




125 


X 4 


« 4,500 lb. 
' . 8,000 Ib. 


I ' 

G4 

2 " ■ ' 2 

Ex. 2.— A pair of look gates sustain 12 ft. of water on the inside and 3 ft. on the 
outside. Each gate is 5 ft. long. The lower hinge of each gate is at the level of 
the sill, the upper is 12 ft. ai^ovo the sill. Find the horizontal pressure which 
each upper bingo has to bear. See fig. 8. 

Consider 1 ft. in length of the gate, and let R lb. be pressure on upper hinge. 
The resultant water pressures Pj, P.j on the inside and outside of the gates re- 
gpeotively are balanced by the reactions of the hinges which, neglecting the 
weight of the gates, are houzontal. 


Pi = 




p - X 

T 


<f,.. 


Taking moments about the lower hinge, 

E X 12 - P, X y - Pj X I - ^-5 (576 - 9) - 17,710. .% E - lb. 

Since the length of each gate is 5 ft., the actual pfossuro on the uppec 
binge - l,476-6 x 5 =. 7,383 lb, , 
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From the first law it appears that the pressure on the horizontal 
base of a vessel depends only on the area of the base and the 
depth of water. Thus if a cylinder and cone having equal bases 
and equal ahitudes be filled with water, the pressures on the 
bases are equal. But the pressure on the base of the cylinder is 
the weight of the contained water; so that the pressure on the 
base of the cone is three times the weight of the water it actually 
holds. The physical explanation of this fact is that the base of 
the cone bears, in addition to the actual weight of the contained 
water, the vertically resolved portion of the reaction of the curved 
surface to the fluid pressure thereon. 

6. Equal transmission of pressure.— If water be confined in 
a closed vessel, and an external pressure be applied to any portion 
of the liquid, that pressure will be transmitted equally in all direc- 
tions through the liquid. This principle is utilized in hydraulic 
presses and other machines. A large and a small cylinder con- 
taining moveable pistons are tilled with water, and connected by 
a pipe. If the small piston be pressed down with a force of y lb. 
per square inch, this degree of pressure will be transmitted to each 
square inch of the large cylinder and piston, the latter of which 
carries the weight to be raised. Let A, a be the areas of the large 
and small piston ; P the force applied to the small piston ; W the 

weight on the large piston. W = j?A ; P = ya ; W = P, 

a 

Ex. 3.--In a hydraulic press, the diameters of the large and small cylinders 
are lv5 inches and 1 inch respectively. Find what weight will be balanced by a 
force of 10 lb. on the small piston. 

2250 lb. 

a (1)2 

7. Atmospheric Pressure.— This is due to the weight of an 
air column extending to the surface of the atmosphere. It is a fluid 
pressure, and at any point acts equally in all directions. Take a 
tube about 33 inches long of the form shown in fig. 9, closed at 
A and open at B. Fill it with mercury, a fluid whose weight is 
about 13| times that of an equal volume of water, and place the 
tube vertically. The mercury will descend a short distance, leaving 
a vacuum aii A. The pressures at B and B„ points at the same 
level, must be equal, or motion would take place. The pressure 
at B is the atmospheric pressure n lb. per sq. ft.; that at Bj is 
the pressure due to the column of mercury ABj which is about 
30 inches high. 

Hence IT = s. ft. x ^ ft.^ x (13| w) 2,110 lb, or nearly 

lb. per s^. in, 
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This apparatus is called a Barometer ^ and measures the atmos Pute zx 
pheric pressure. If we ascend a mountain, the height of the 
column of air above us diminishes, and the mercury falls, thus 
furnishing a means of estimating the height^ ascended. A rough 
formula is 

H == 60,000 (log R - log r) ]..(2) 

where H is the height in feet, R, r the readings in inches at the 
lower and upper stations respectively. If accuracy is required, a 
correction on account of temperature must be applied. 

Ex. 4.— Simultaneous barometric readings at Salem and the Shevaroys were 
29*1 and 25*2 inches. Find roughly the difference of level, 

H « 60,000 (log 29*1 — log 25-2) « 60,000 (1‘4639 - 1-4014) « 3,750 ft. 

Since mercury is 13i times as heavy as water, the height of the 
water column which can be supported by atmospheric pressure is 

Of) 

13^ X ^ ft. or 34 ft. nearly. 

The atmospheric pressure generally acts on all portions of free 
water surface, and can therefore in most practical cases be left out 
of calculation. Thus, suppose a vessel of water to have a small 
orifice h feet below the surface. The atmospheric pressure n is 
transmitted to all points of the liquid. The pressure in the vessel 
at the orifice is therefore H + wh, and the pressure outside the 
orifice is H ; so that the resultant pressure producing flow is wh^ i.e., 
the pressure due to the height k — or head as it is often called — of 
water. 

8. Siphon.—Let a bent tube^ApC (fig. 10) be filled with water, 
and have its ends closed. Let one leg AB be placed in a vessel of 
water, and let the ends A, C be then ‘opened. Water will flow out 
through C until the level of the water surface in the vessel falls to 
C or A, whichever is higher. 

The liquid in the tube being continuous, the pressures at any two 
points in it at the same level are equal. Thus the pressures at D 
and Di must each be IT. But this is the pressure at C; so that 
the column of water CD^ is unsupported, and must fall out. The 
rest of the water in the tube must follow it; for, if there were a 
break of continuity, a vacuum would bo formed, which is obviously 
impossible unless the point B rise 34 ft. above the water surface at D. 

The pressure in the portion DBDi of the tube is less than 11, so 
that if a hole were made in this portion the air would rush in, 
the water would fall in both legs, and the siphon could not act. 

9. Specific gravity.—Tho specific gravity of a substance is the 
ratio of the weight of any volume of the substance to the weight of 
an equal volume of water. Thus^the specific gravity of mercury 
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Fi»t« II. is 13*6, that of water being 1. Knowing the specific gravity of a 
substance, the weight of any given volume of it can at once be 
determined. ^ 

Ex. 5.— Pin/i the weight of a 4-iaoh cube of cast-iron, its specific gravity being 

f‘25. 

Volume - ft. Weight = ^ x 7i x 62^ lb. = 16'78 lb. 

10. Flotation. — It is obvious from law (iii) that a body will 
float or sink in water according as its specific gravity is leas oi 
greater than unity. 

o 

Ex. 6.— A canal boat, 33 ft. long, is constructed of ^ inch sheet-iron. Allowing 

16 

for contractions at bow and stern, she may bo considered, for purposes of calcu 
Jation, as 30 ft. in length, and of rectangular cross section, 6 ft. wide and 3 ft.’^eeg 
throughout. Adding 60 per cent of weight for frames, rivets, etc., find the load ic 
Oons which the boat will carry so that she may float with 9 inches of her side above 
water. Specific gravity of wrought-iron 7*75. See fig. 11. 

Let W be load in tons. 

Area of sides and ends «=> 72 x 3 «« 216 s. ft. 

„ bottom K 30 X 6 180 „ 

Q QQ 

vol. of iron « 396 x c. ft * ? c.ft. 

16 X 12 16 

Weight of boat ** ^ ^ ^ 4,4961b. 

Weight of water displaced = 30 x 6 x 2J x 62J 25,312 lb. 

W «= 20,816 lb. = 9-3 tons nearly. 

Since a substance immersed in water loses, in effect, the weight 
of the fluid displaced, the relative value of building materials for 
submerged works, which rely on their weight for stability, is ascer- 
tained by subtracting 62 1 lb. from their weight per c. ft. Thus, 
approximately, 



Weight 

Weight 


in pir. 

in water. 


lb. 

lb. 

Brickwork 

112 

fiO 

Bubble Masoflry 

125 

63 

Concrete 

125 

63 

Granite or Limestone 

170 

108 


11. Hydrodynamic Laws.— When a stream of water is in 
motion, the following laws hold good:— 

i. If the motion is rectilinear and uniform, and if the effect 
of eddies •produced by the roughness of the boundaries 
of the stream be neglected, the pressure at any point 
is the same as %f the fluid were at rest. 
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ii. If the fluid particles take the same accelerations which Plate ii 
they would have if independent ^ the inessure is uni- 
form. 

Thus, in a jeb falling freely in the air, the • pressu^re throughout 
any cross section is uniform, and equal to the atmospheric pressure. 


EXAMPLES ON CHAPTER I 

1. The upper edge of a sluice gate is lOi f..et below the surface, 
and the dimensions of the gate are 3 ft. vertical and 18 inches 
horizontal. Calculate the pressure upon it. (Univ. 1871.) Ans. 
3,375 lb. 

2. What is the total pressure of the water on a pair of lock 
gates, each gate being 10 ft. in width, and the water on the upper 
aide standing to the height of 6 ft. above the bottom of the gate, 
the water on the lower side being below the bottom of the gate. 
(Univ. 1865.) Ans. 22,500 lb. 

3. State what property in water is utilized m the hydraulic 
press, and give the proportions of a press capable of lifting a ton 
weight for every 10 lb. of pressure applied to it. (Univ. 1865.) 
Ans, Pistons of diameters in the ratio of 15 to 1. 

4. A cubical vessel whose capacity is 10-683 c. ft. is filled with 
water; a vertical tube, also hPed with water, whose internal dia- 
meter is X inches, and length 8 ft. is inserted in the top. Find the 
respective pressures against the • bottom and one of the sides of 
the vessel. (Univ. 1872.) Ans. (1) 4,875 lb. (2) 4,260 lb. 

5. A barge, supposed to be of rectangular cross section, is 60 ft. 
long, 10 ft. broad, and 4 ft. deep, outside measure. The thickness 
of the sides and bottom averages 0*1 ft. and the weight of the 
material of which they are composed averages 100 lb. per c. ft. Find 
how many ton load would sink the barge* 3 ft. (Univ. 1869.) Ans, 
45 ton. 

6. A vortical shutter revolving about a horizontal axis sustains 
a pressure of 10 ft. of water. At what depth should the axis be 
placed in order that the pressures on the portions of the Shutter 
above and below the axis may be equal? Ans. 7-07 ft. 

7. A reservoir wall 16 ft in height has in section the form of 
a right angled triangle, the base being 12 ft. The depth of water 
is 14 ft. Compare the pressures per running foot of wall according 
as the sloping face or the vertical face is turned towards the water 
Ans, P25: 1. 
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Hydr\ulic head charge. 
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Plate II. 12. Volume of Flow,— A stream of water flowing in a pipo or 
channel may be conceived to be made up of a great number of fluid 
threads, flowing more or less parallel to one another. These Jhrcails 
do not all flow with equal velocities, partly owing to the direct 
frictional resistance of the boundaries, but mainly because the 
roughness of the boundaries sets u[. eddies wdjcreby the fluid fila- 
ments cross one another, and tnus have their velocities modified. 
It will be seen at once that the actual motion of a stream is very 
complex; and there is no theory which takes account of the actual 
motion of every thread. Although liowevcr the velocity at a given 
point varies from moment to moment in magnitudo and direction, it 
appears from observation that tbe average velocity for a period of, 
say, a few minutes is constant. Suppose the average velocity of 
each thread in the cross section to be decermined, and that v feet 
per second is the mean of all those velocities, the discharge Q c. ft. 
per sec. flowing through the area A s. ft. is (fig. 12) 

Q ^ Av. (3) 

Ex 7 The cross sccLiuu of a stream mcdsurcs 1 2 s. fl. and the mean velocity 
is deiermincd to bo 70 ft. per min. Find the discharge in cub. ft. per sec. 

He-e A = 1'2 ; t) = Q 1-2 x =; Vi c. ft. per see. 

(j(J 

The motion conceived abo'vfj in which the cro.ss soction of tlio i,tream is divided 
into very small areas each of which is the section of a fluid thread, is called strfam 
line motion. If each fluid thread or stream line be supposed to have an unchanging 
velocity, it occupies a fixed position in space, and the motion of tbe stream is 
termed steady motion. 
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13. Principle of continuity. — If any space in a stream be tiate i 

taken having fixed boundaries, the F|iaco will generally remain con- 
stantly filled, and the in-flow will be equal to the out flow. This is 
termed the prmciple of contimiity . If A, Aj are the areas of two 
cross sections of a stream, v, the mean velocities at those sections, 
the in-flow to the water space between A and Aj is A^*) c. ft. per sec., 
and the out-flow is A. c. ft. per sec. By the principle of continuity 
those are equal. 



or the velocities arc inversely as the areas. If the bed of a stream 
has a varying slope, the velocity will be greatest where the slope 
is steepest. Lienee in these parts the cross section will be least. 

Ex S.— A ciirmnel with a uniform slope of bed has a velocity of 1*5 ft. per seo. 
at a section measuring 150 s. ft. Find the velocity at a section measuring 125 s. it, 

Here v x 125 « 15 x 150; .% v « 1*8 ft. per sec. 


14. Discharge from small orifices.— Velocity of discharge.— 

Suppose a short pipe projecting from the side of a vessel full of water, 
to bo turned u]) at the end, and closed but for a small orifico at a 
depth li below the surfaca. The water will issue vertically from this 
in a thin stream or jet, which will be found to rise very nearly to 
the level of the Giir('ace of water in the vessel. The d.*fre>’once Is so 
small that it will bo at once srspectod to arise ^ron fr.ction and 
other resistances. Neglecting for the present this -IifTercn^ie, -.ho 
velocity of each particle at the ontice is sulhcient to uarry the 
particle through the height /i, t.e.y the particle has the \eiocity wiich 
would be acquired by falling freely from the surface of ih^ ’►:.Ter 
to the oriflee. By dynamics, this velocity is v ia 

termed the theoretic velocity due to the head h, Bh.oe h » 

^9 




the expression is called the uead due to the velocity v. Also, 


since p rr: wJh ? may be termed the pressure head at the orifice. 


If A be the sectional area of the jet at the orifice, the discharge 
is Q At? A This is termed the theoretic discharge of 

an orifice of aioa A. 


15. Co-elKicient of velocity. — The actual velocity Va, as already 
explained, ditlors by a small quantity from the theoretic velocity v 
Let Va = c^v, where Cy is called the co-eflicient of velocity. 

Va = y/2qh 


151 
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?ut« n. The oo-effioient of velocity, \?hicb is determined by experiment, 
is nearly constant for different heads. Its mean value is 0*97. If 
the head is very great however, the co-efficient may be as high as 0*99. 


The co-efficient of velocity may ba determined by measurement of the para- 
bolic path of a jet. Let the direction of the jet at the orifice be horizontal, cc, f 
the measured co-cjdinates of any point of the path of the jet (fg. 13). 


I 


; 




Butt;.-Cy/’2g^; ,\c\2gh 




gx'i 

¥ 


, • • V|, =■ r-^ * 

2y 2 


The difference between the theoretic and actual velocity may 
also be estimated in terms of the head. Lot h be the total head, 
hi the height to winch the jet rises (hg. 14). Then hi is the head 
utilized in producing vc-locity, /i> is the head utilized in overcoming 
tae resistances of viscosity and friction. The latter, i.c».> h — hi is 
termed ' he ioos of head, 

Tneoretio velocity v y/2gh. Actual velocity Va = o*v = cW^gh, 

But Va = .•. Cv^ h = hi 

h, ^ h--h, - h (l~c,2). If c„ = *97, = -06/1 

about 6 per cent of the total head is expended in overcoming 
resistance, leaving 94 per cent to produce velocity. 


16 . Co-efficient of contractio i.— If the orifice be in a thin 
plate, or if the edges of the orifice ho bevelled off sharp, the cross 
section of the jet is, at a short distance from the orifice, less than 
the area of the orifice. The cause is that the fiuid threads, which 
arrive from all directions, have tor the most part their directions 
changed at the orifice. The inertia of the threads prevents the change 
from taking pla re suddenly, and the paths of the threads are ac- 
cordingly curved, as shewn in fig. 15. The greatest contraction occurs 
at a distance from the orifice of about half its diameter. If A be 
the area of the orifice, and CgA that of the jot, is called the no-efficient 
of contraction. For a well-placed, sharp-edged orifice in a plane 
surface, it is nearly constant for different heads and different forms 
of orifice. Its value is 0*64 as obtained by direct measurement. 

If the thickness of the plate be greater than the diameter of 
the orifice, the capillary attraction of the sides of the orifice causes 
the condition shewn in fig. 16, and the co-efficient rises in value. 


17. Co-efficient of discharge.— -The expression Q = A?; assumes 
that the ffuid threads havi* i mean velocity v in a direction at 
right angles to the cross section. This, in a jet, is the case only at 
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fche section of greatest contractirin. If A be the area of the orifice, Plato IL 
CcA is the area of the jot, and c^V'lgh is its velocity. Hence 
Q = (CcA}(c„ y/'Igh) or 

Q - cAv/"2^ (6) 

where c is the co-efficient of discharge =s Ce 

For an orifice in a thin plate c *64 ; = *97 ; c *62 

Hence Q = bky/h approximately. 

The co-efficient of discharge may be detei mined directly by al- 
lowing the flow to issue into a gauge basin. The discharge per 
second, c A-/;. v//i, is observed, and compared with the theoretic 
discharge A\/^2ghf thus giving c. 

The co-efficiert of discharge is sometimes expressed in terms of 
the head. The discharge Q = ck\/2gh may be conceived to b'> 
made up of an area- A and a velocity c\/2gh. Let hi be the 

head due to this velocity. Then h. — h. 

For a thin plate c =s -62; •% hi = (•Gd)^ h = *386 h. 

Thus, 38J per cent of the total head is employed in producing 
velocity, and 61^ per cent is lost by contraction and resistance. 

Ex. 9.~-Find the head of water which will eniure a discharge of 8 o. ft, pet 
SCO. through an orihce 6 inches square in a thin plate. (Univ. 1886). 

Q * cA where Q - 8, c — *62, A <= J. 

8 - *62 X i X 8 ; /. VV ^ 6-46 ; Ah- 41G feet. 

18. Belimouths. — H the orifice be of the form of the con- 
tracted vein (fig. 17), the whole of the contraction occurs within 
the orifice; and if the area of the orifice be measured at its smaller 
end, c <5 = 1. Hence for this form of orifice the co-efficient of dis- 
charge c = 1 X Co ^ *97. The entrance ^ to pipes from reservoirs 
are often bell-mouthed to avoid the contraction, and consequent loss 
of head which would otherwise occur. 

19* Suppressed Contraction.—Siace contraction is eaused by the conver- 
gence of fluid threads, any circumstance which tends to diminish that conver- 
gence, such as tl^e application of an intoinal nm to the border of the orifice, or 
the near approach of the orifice to the bottom or sides of the vessel, will tend to 

ioaraase the co-efficienb of discharge. Tho expression e - *62 + 014 

will meet this case, - being the fraction of tho perimeter of the orifice over 
m 

which the contraction is BUppressed. The co-efficient is also modified by tht 
ipplication to the orifice of shoots or ohanneli of disebarge. 
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Plate u 20. Iloutlipieces or Adjutages.— if ^ cylindrical tube, of 
length not less than tunes the diameter oi the ontice, be applied 
externally to the orifice, the jet, after conti action, again fills the 
tube ; and the co-etlioient of discharge attains the value 0*82. 

If the cyiindrio mouthpiece be applied internally instead of ex- 
ternally, the co efficient becomes 0*62. 

If the sides of the mouthpiece converge conically towards the 
outside, the co-efficient attains a high value. With a length ot 
mouthpiece of 2| times the smallest diameter, and with an angle 
of convergence of 5®, the co-efficient of discharge is 0*92. 

If the mouthpiece have the form of the contracted vein, and if 
its sides then diverge conically, the tube runs full. It can be 
shewn * that tiie maximum discharge through such a mouthpiece 
'S theoretically the discharge through its smallest section into a 
vacuum, %.e. Q = Ay/2g (h -f- 34). In practice however the dis- 
charge is less than this, owing to the disengagement of particles 
of air held in suspension in the water, and the consequent check 
to the continuity of flow. With an lidjiitage of the above form, 
whose length is nine times the smallest diameter, and having an 
angle of divergence of 5®, the actual discharge is nearly 1‘5 times 
tile theoretic discharge through the smallest area of the tube, and 

therefore or 2*4 times the dibchargo through an equal area in a 
*62 

thin plate. 


21. Short Pipes.-~As the cylindric adjutage is gradually in- 
creased in length so as to become a shoit pine, the frictional 
resistance increases, and the co-efficient diminishes as follows: — 


Length in diameters. 

2 

6 

10 

25 

50 

100 

! 

150 200 

1 

260 1 :;00 

1 

Co-efficient 

•82 

•79 

:-77 

1 

1 

•71 

_J 

•64 

•56 

•49 1 -44 

1 

•41 38 


K . 10 FdkI tho discharge per secoed through a pipe whose length is 4 ft. 
an 1 aiameter xi inches, the head ot depth from the surface of water to oentio of 
pipe being VI ft. (Univ. 1886). 


This IS the case of a cyiindrio adjutage or short pipe whoso length is four dia- 
meters. The co-ehicieut may therefore be taken as 0‘80. Q ~ cAV'Igh, whera 
TTd^ 

hm 12; « *786 a. ft. /. Q «• 8 x '786 x 8 x 2 V 3 = 17*4 c. ft. per 


• Art. 37. 
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22. Values of co-elficiont of diisciiarge. — The vaiucja oi the 


3u-ci.ljcicn o are hero coilecteti : — 

Internal cylindi io mouihpieco 0*62 

(luiice in a thin plate 0'G2 

Ertcrnal cylindrio niouthpioc'e ... 0*82 

Conical convergent inoiil iipicco ... 0*92 
Monlijpiec ‘ of form oi contiach-e \cin ... 0*97 
Conical divcigent (5®) mouthpiece ... 1’50 


EXAMPLES ON CHAPTPU LI 

1. Explain what known in Hydraulics as the frincij^le cj 
continuity, in a sfc-cam in steady rnouiou, the mean \elucity at a 
certain section is 2 ft. per secemd, and tho area of ime beotion is 
500 sq. ft. Hind the volume of How. At n second btc.*tion, one 
mile distant from the first, the cross section dirninishcb oo 200 sq. 
ft. Find the velocity. (Coll. 1863). Ans. (1) 1,000 c. U. per sec., 
(2) 3*33 ft. per sec. 

2. State generally the laws of ciriux from simple orifices, explain- 

ing the meaning of the terms co-cj/icicnt of 'cclcciiy, CG-t‘]j c.ciit oj con- 
traction and cO'Cljlcient of fend their iciation to eacli other. 

A sluice opening is 3 ft. wide and 1 It. high, the depth iroin iho 
surface of tho water to the lower ajge of ihr. oiilico is 'i it., and the 
discharge takes place freely into rir. Find tin. chscLmge in c. ft. 
second, considering tlie sluice 8 3 an orifice iu a thin plate. (Coil, 
1883). Ans. 38 c ft. 

3. Water is kept at a constant depth of 3 ft. in a large wrought- 
iron cistern from w^hich a discharge of 14 46 gals, per ruinuit' takes 
place through a heie 1 inch in diameter in one of the sides. How 
high is the bole above tho bottom of tho cistern ? (Coll. 1886). 
Ans. 1 ft. 

4. Find tho diameter of an orifice in a tl.iu pirto sufiicient to 
discharge 80,000 c. ft. per day with a bend or 50 ft. (Coli. 1885). 
Ans. 2-2 in. 

5. The discharge from an orifice 1 inch squaio witn a bead of 
9 ft. of water is 7 c. ft. per inmate. Find tho co-etiicierit. (Coli. 1885). 

Ans. *7. 

6. An orifice 1 ft. square, whoso centif^ is 36 ft. below wnter 
•nrface, is found to discharge 30 e. ft. p;'r second. AVhat is its 
co-efficient of contraction? What will tho discharge bo when the 
head is reduced to 25 ft. and 16 ft. ? (Univ. 1883). A?is. (1) *64, 
(2) 25 c. ft. s. (3) 20 c. ft. s. 



14 


UYr)JiAULlC}s 


7. What head would be necessary to give a discharge of SJ C* 
ft. per minute through an oritice 1 inch in diameter in a thin plate? 
How much would the discharge be increased if an adjutage of the 
form giving the maximuiii discharge were attached, the head re- 
maining as at first? (Univ. 1884). jlns. (l)4ft. (2) 4*6 o. ft. per min. 

8. De ’lUce the formula for the discharg*; of sluices Q = 6 A v''5, 
and state how ikot formula must be varied if the contraction be 
suppresjed along part of tnf perimeter of the cp»fice. (Univ. 1876). 

9. Whit forn c* r-djutage gives the maximum discharge? State 
the proportions of its \arioiic parts, and the ratio in which thi 
discharge thus obtained exceeds the theoretic discharge. (Univ. 1876)« 

10. What would be the discharge per minute under a ooulwt 
head of 6 ft. from 

(i) a square orifice of 1 039 sq. inches area in a thin plate? 

(ii) a cyiindric adjutage 1 inch in diameter, and 3 inches lougf 
Univ. 1876). Ans. (1) 6*3 c. ft. (2) 5*3 c. ft. 
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OlBOULAR orifice. 

23. Large oriflces.— Hitherto we have dealt only with small Plat# III, 
orifices, t.e., those in which the head is nearly the same for all 

the issuing threads. Suppose the orifice to he in a vertical plane, 
and to have but small height. Then if h be the head measured to 
the contio of the orifice, the velocities of all the threads are nearly 
equal to Ovy/^gh^ so that, (art. 17), Q, ■=== cky/igh In large 
orifices, on the other hand, the velocity cannot bo taken the same 
for all the threads of the jot, ovung to the heads differing widely 
for threads at the top and bottom of the orifice respectively. iB 
'tv ill be seen later however that the mean velocity of all the threads 
differs but slightly from the velocity of the thread at the centre of 
the orifice; so that the expression for the discharge from a small 
orifice may be used without serious error. 

24. Bernculli's theorem.—Let a stream be In steady motion, and let BO, 

(fig. 18) bo an elementary stream line ; z, the heights of B and C above the datum 
line 00 ; a, 2>, « the area of the cross section, th^ pressure, and the velocity at B ; 
aj, pi, V\ the corresponding quantities at C. In any short time t let the mass of 
fluid BO reach Bj Ci. Then BBj » vt ; COj *= O] ^ ; and the quantity of equal 
in -flow and out-flow is = avt = Since the thread is surrounded ^y other 

threads moving with nearly the same velocity, the \ iscous resistance may be neg* 
lected. The work done by the external forces must bo equal (the fluid being 
incompressible), to the kinetic energy developed. The normal pressures on the 
whole surface of the thread, excepting the ends, are normal to the direction of 
motion, and do no work. The only external forces to be considered are therefore 
gravity and the pressures at the end^ 

The energy due to gr.ivity is that developed by the transfer of the volume Q| 
from the height z to the height zu ~ 
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Plato III. The pressure onerey is tlie \voi k done by tho pressure it B moviuej through tho 
space BBj, icss Ihab uI the pieSbure at C excited thiouj-h CCi, t.e., [javt ~ 
or (j) - Pi) 


Tho change e: kineti energy is _ t^3). 

Honco 'iJ.Qt {3 - zi) + Qt {p - pj 


2^ 


(ui* - v^). 


2(7 


(T) 


^ + ;8 «= ^ + + fi j or, since B and C are any two point! in 

^ ic ^2gw^ J c 

the stream lino, 

^ + z - constant 

w 


( 8 ) 


Now is the head duo to the velocity, ^ is tho head duo the pressure, and 
i is the height above datum ; so that z is tho work which would bo done by 1 lb. 

of water falling to tho datum lino, and ^ and - arc the quantities of work 

w 2g 

which would bo done by 1 lb. of water under the pressure p and with the velo- 
city u. Tho sum of the three is theiefore the totil energy per lb. of water esti- 
mated with reference ^ the datum lino. Hence the total energy per lb, of 
water is uniformly distributed uloug the stream line. 


If h be the depth of any point measured from a datum line OiOi, eq. (8) be- 

i.'** n 

comes -- + — 7i = constant. 

2g w 

Fvdratllic gradient. — Het two vertical tnboi be placed so as to meet the 
stream lino at V> and C ((ig. 19). The wiitm* will ri e in them to heights due to the 

pressures at B and 0, i.c., to heights and The difference cl level of the free 

W 1.0 

surfaces in the tubes is, from tiic dia<pair, h z ^ — I «i + |, Sub^ti- 

’ 10 \ w } 

Siting in (7), we got /i « i.e., the fall of siirlaco level between two sec- 

2g 

tions is the difforcnco of tho heights due to the velo-^-ities at those sections. Tho 
lino i) i. termed tho hydmulic gradif'nt; but this exprebsioti is also used in 
ca:c. where friction is taken into account. 


26- Velocity of threads issuing in a jet.- We are now in a position to 
prove that tho velocity of threads issuing in a jot is, neglecting the viscos,ty of the 
flu I. oquil t.- th.it acquired 1)'. a pntn lo iilling fnudy from tho surface of tho fluid 
to .he orifice a result which lia hitlie»to (art. 11), depended on experiment. 


Th^' jet is composed of elementary threads which start into motion at some 
point ii» I'nc inlCT.or of the vc^-el. One such thread is shewn in fig. 20. Let /q 
be the head at the point B, wheie the velocity is insensibly email ; h tho head 
and V the \elocity at the orifice. 

At B, the head is hi, the pressure is 11 + wiii, and the velocity is zero. 


At C, 


1 


_ Vi ii . .11 + irJii . 

Hence, by Bernoulli’s theorem, ^ ^ 


2jf 


h; 


iJigh 


10 

8 Jh ncTrIr 
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If the orifice ia amall in dimenBiong compared with h, the threads will all have Plate III 
nearly the same velocity; and if /i be measured to the centre of the orifice, the 
expression t; == gives very nearlj the mean velocity of the jet. 


27. Rectangular notch.—Consider a rectan^^ular notch of 
length I, and of depth UC /i, in the vertical side of a vessel 
filled with water (fig, 21). A fluid thread at depth x has a tneo- 
retic velocity y/2'jx. Lay off PQ horizontally equal to \^2gx to 
represent the velocity at P. The outer extremities of all such 
lines as PQ can Ije shewm * to lie on the pa'*abola BQD, where 
OD — V2gh. Hence the figure BDO is a graphic representation 
of the velocities of ail the threads issuing in a vertical line BC. 

The moan velocity of all tha threads = = 

Q I.C., the mean velocity is ^ of the bottom 

no 3 


velocity. The theoretic discharge is At; =s: hi 
actual discharge is 

Q-?clhv'2^ 




The 


(9) 


In this expression, the co*efl5cient c is not constant, but varies 
for different values of I and h. A mean value of c for a thin plate 
is -02. As this is the co-efficient for orifices with complete con- 
traction, it may bo thought ih t a higher value of c should be 
expected for a notch. As a matter of fact, however, the water 
surface falls towards the notch as shewn in fig. 24, and the head 
is for convenience measured from the bottom of the notch to the 
surface of still water. Practical examples of i octangular notches 
aiG gauge boards, tank surplus weirs, and river anicuts. 


The drgohargQ can be found at once, by the aid of theintegial Calculus, as 
follows : — 

Consider a horizontal strip of the jet, of thickness dx, and situated at a depth x 
Velocity of strip is ^2gx, and the area of its cross section ig l.dx. 

Hence discharge of strip \s el'^2gx. dx, 

Whgle dlaoharge Q ^cl^2g 

28- The canse of the variation of c may be explained thus Let f, h be the 
length and depth of the jet, L, 11 those of the notch (H being measured to the surface 


* Let PQ r= y = *^2gx. Then « 2gx, which is the equutiou to a parabola 
whoso axis is BG and vertex at B. 

3 
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Pltt 9 HI of stilJ water .some Jittlo wiiy baik fioui ilie notch, since the water surface falls 
towards the notch). Taking the co^effioieut of velocity as unity, we have:— 

For lha j t, Q = ? Ihifigh. 

O 

For the notch, Q «= c L.H'/ 2(7 H 

But this co-efficient differs from the ordinary co-efficient of contraction which is 

= LiL, The latter co-effioient is approximately constant, so that 
area of orifice L.H 

e taries with the dimensions of the notch. 

The jet discharged through the notch has a ennller pection than L.H owing 
to (a) the fall of water surface, (b) the bottom coiitiaction, (c) the end contrac- 
tions. The diminution of the jet due to (a) and (I } l-j proportional to L, while 
that due to (c) varies with H. Mr. Francis found from experiments at Lowell 
with rectangular notche-. in a thin plate, the ltfn;.;th of the notch being not less 
than three times the head, that the length of llm jet was (f- 0'2H) for two end 
•ontractijns. Taking cll as the depth of the jet ou the weir, he obtained. 

Q “30 (L 02H) H'V^2gH (10) 

The co-efficieiit e in eq. (10) is more nearly constant for different heads and 
lengths than it is in the ordinary formula, o(j. (9). Us mean value is *62. 


L.H^* 


29. Rectangular orifice.—tmt I be the length of the orifice, h^, 
hj the heads to the bottom and top respectively, (hg. 22). The 
velocities at these points are y/ 2gh^ represented by CD, and V2g}i 
by EF. 


Hence the mean theoretic velocity is 


area EFi)0 
'EO 


The theoretic discharge is 

/ii ~ ri. 


Av = I (^h 


‘f 

^ 2 ) _ fcj • 


Actual diHcha' ge 


Q - 3cl'^2g(h,^ -h/) (11) 

If h, be put equal to zero, we get the discharge from a rectangular 
notch 

As iu the case of the notch, and for a similar reason, the co- 
efiioient c h not constant, but varies for different heads and areas 
oi orifice. The values for sharp-edged orifices range from *600 to ’633, 
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lihe highesli values being obtained with small beads.* The mean Plate iti 
value of the co-efficiont is *62. Practical of rectangular 

orifices are sluice openings in anicuts, tank bunds, locks, etc. 

With the aid of the Calculus ibe discharge can be obtained directly as in the 
case of the notch : 



Unless the head over the upper sill is less than the depth of the 
crifice, it will be sufficiently correct in practice to use the expression 
for the discharge from a small orifice, viz., Q = cA ^/2gh, the bead h 
being measured to the centre of the orifice. The greatest error that 
can occur is when h, - 0, t.c., when the orifice becomes a notch. The 
bead to the bottom of the notch is 2/i. Hence: — 

Oorrect discharge Qi = ^ (2/*)^ =r= ol.2h\^2g^h = cA y/^g^h 


Approximate discharge Q.^ cX^^gh. 


So that, assuming the co-efficients equal in the two expregsions, 
the ratio « -r *91; and the maximum error introduced by 

adopting the approximate formula is 6 per cent. 


Ex. 11. The (iiscliarge from sluices is generally calculated on the assump- 
tion that the velocity at the mean depth is the mean velocity. What dif- 
ference in cubic foot; per minute would this make in the calculated discharge 
from a sluice 4 ft. long and 2 ft. deep, with a head of 12 it. on the sill, the 

co-efjficieut being taken as (Univ 1S34.) 

8 

True di5chu;-o | cl pt,? /ijp | x 5 k 4 x 8 ^2^ - 101^ 

= 132 ' 619 . 


Velocity at mc.in depth x 11. 


Appi' XimatG dif;chargc Q, « cA v'2<; x 11 ^ x 8 x 8 V 11 = 132*6654 

r)’/f'3rcr)co is O-OiG c, tt. per rec., or c ft per minute. 

* The following fable nm;1 furnish an kIli of the mode in which the co-efficieni 


Ifcad to 
centre of 
oiihco. 

Ratio of height to width 
(width being 1 foot). 


4 

2 

1 i 1 

i 

05 




•015 

•631 

1*0 ! 



•GOl 

*617 

•632 

2'0 


•619 

•604 

*617 

•6.30 

1 3 0 

'f.27 

•617 

•605 

•G15 

•627 

5 0 

•Cy}l 

•(■>12 

•G04 

•611 

•620 

, 10-0 

•604 

•G''2 

*601 

•601 

•603 

j no 0 

•r.05 

•GOJ 

*601 

•603 

•604 

1 500 

L. 

'GOO 

‘GOG 

•G02 

•605 

1 

•GOT 





20 


HYDRAULICS 


30. Circular orifice.— The circle may be divided into a number 
of vertical strips \vhich aro nppro^dmatcly roctan^los. The mean 
velocity through each rectangle is very nearly the velocity at a point 
situated at half the depth of the rectangle, i.e.^ on a horizontal 
diameter of the circle. Hence, if h he the depth of the centre of 

the circle, the mean velocity -- approximately, and therefore 

Q-cAv-^/i (12) 

The greatest error that can occur by using this formula, 
v^hen the circanifere‘'oa of the circle touche.s the suifaco, is i per 
cent. 

In a similar manner may be treated the case of any oriOofl wh039 
form IS symmeirical above and below a horizontal axil. 

Kx. 12. Deduce the formula Q P. 9 ci** where 
•I discharge in cubic feet (’cr .Mjood 
d ■--- diameter of ( rilaci; ns teet 
h bead in fee 

.'..r the How of water through i circular oriQce in a thin plate. (Univ. iSSO.J 


Q « cA '^'2gh '62 x 


C2 X 




3 


31. Triangular notch.— form of notch, if l ho the top 
width and h the depth to the vertex, (fig. 23 ), the ratio i remains 

constant for different beads, and the co-efficient c is consequently 
subject to but little variation. Tins form of notch is tboreforo a 
good one for the measurement of tae discharge of small streams. 

The approximate formula Q - cA >/ 2pli, where H is the head to 
the centre of gravity of the water section, gives a result about 8 
per cent too high. 


Kx. 13. If disflnrq 0 takes phee thmnqh a trhn^’nlar notch in a waste board 
pl.aced on a dam, the two aides dI the notch bmiig equally inclined, and meeting at 
a right angle, dnd the co-effic'ent when Q = J - h\ where h is the height in 
inches of still water abo v’e bottom of notch, and Q iUue diacbargo in cubic feat per 
minute. (Univ. 1881.) 


The (li>charge in c. ft. per gee. is cA where II is head in feet to oentre 

of gravity cl -.^icr section I » 2A. 


Mow ii ft. » 

A s. ft. 


. ^ 

ft. « 




1 3 





^ 1 { 

K 

M 



^ 2 *' 

12 

12 / 


M4 

60 c 

h' 

K 

8 / 

h 

5 

wm - 

HI 

V 

38 

3 


• • 


> 1 

I 


s ft, 


)-«c. 
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32. The true discharge of a triangular notch can be found as follows Con*idef ^late ill 
a horizontal layer of fluid filaments at a depth x below the surface, (fig. 23), Let bha 

length of the layer be y and its depth dx. ? .= 

Velocity of layer « Area of its crosi section «= y. dx. 

/. Discharge of layer = cy dx^'/gx ^ ^ x - z fflx ^ d*. 


/• Whole difohaige of notch = ^ 




i.e„ Q. * dVay 

15 

The approximate formula gWes Q <= c ~ 


Approximate discharge 
True discharge 


S-™' 


33. Velocity of approach.— the water passing through a 
notch or orifice has a velocity of approach, as in the case of streams 
or rivets flowing over weirs or anicuts, this velocity (which tends 
to increase the discharge) can bo taken account of by supposing 
the head which would bo required to produce it to be added to the 
actual head. Take the case of a rectangular notch, and let be 
the velocity of approach. The head ha required to produce this 

velocity is—-. Hence the rectangular notch of depth h becomes 

practically a rectangular orifice, (fig. 24), the heads to [;oUoin and top 
of winch arc (/i-f /^a) and /lu. l/ence 

Q - 3 cl C 28 { (li + li'l" - li*’ } (H) 

The construction of a weir across ’a river causes an increase of 
water section immediately above the weir ; consequently the velocity 
of approach is less than the natural velocity of the stream. 

Let A be the natural section, v the velocity. 

Aa the scotic a just above weir, Va the velocity. 

Then, by eq. (1) Va Aa == v^. v^, ^ • 

Aa 

Ex. 14. What will be the discharge per minute through a rectangular Hotcb, 
in a thin plate G ft. wide, head 8 inches, velocity of approach 2 miles per hour ? 
(Univ. 1877.) 

«, c = 2-9S ft. pet BOO. ; h. = = 013 ft. 

GOxGO G1 

Q - ? - JiJ ' , where c = ’Oa = ^,f= 0, ;j = '6T, ft.=.-18. 


... Q . 2 ^ I X 6 . 8 
/, Discharge per minute 


I (-80)5 - (-13)^ I = 20 X 0'( 


40 X CO 
3 


800 c, ft. 
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Plat. III. 34. Submerged orifice.— bet h^, h„ (fig. 25), be the hends on 
either side of tho orifice, tending to produce discharge in opposite 
directions. The effective head is (A, - AJ, the diHeronca of level 
between the water rurfacos above and below the opening. Calling 
this head h and tlie area of liio sluice A, 


Q - CA '/28ll (15), 

The *^roof of this is as follows : — 

Let BC (fig. 26) be an olomentary fluid thretd, tho velocity at B being in- 
sensibly small. Then, with the notation shewn on tho diagram we havo;- 
At B, the head ^ hi, tho jjrossure 11 t whit tha velocity aero. 

At C, „ |] + whi, M V. 


, t>2 11 + wh, 

+ 

2^ w 








- h, 


--- h 


0 + 

'0 


hi. 


35. Partially C’d‘’^'ueig*ed orifice.- Tjot h be the difference of 
water lo’-els above and l)elow tho oiifltc, 2V), hit h^, tho heads 
to bottom and top of llio orifice i e.spectivcly. Tiie disci)a]-go may 
ba divided into two portions, viz., Qi taking place through a simple 
rectangular orifice of depth {h — k,), and CJ , taking place through a 
submeigeU orifice of depth {li. — n] 

•> 

Ql ^ ,J cl (A“ - Ag) 

Qj -- cl (A, - h) V “ifih. 

Assuming tho co-elficient; c to hayo 'iio same value in each case, 
Q 2, j ) ^ (AJ -- iJ) + (A, - A) ( (16). 


36. Submerged notch.- hi bo the head to tho bottom 
of notch, (fig, ‘^8) ; h the difierjuce of level between the water 
surfaces. 

o 

Qi — v/ 2^/t. 

Qj = cl (hi - h) V2gh. 

Q - cl (A, - A + I A) =. el (A, - J) (17), 

taking tho co efficient the same for the two portions of the orifice. 

87. Adjutages*— The theorem of Bernoulli enables us to explain tho cause 
of the hl(^h discharge given by divergent adjutages. Suppose a gradual enlarge- 
ment takes place ie a horizontal pipe through which water is flowing steadily; 

the velocity gradually diminishes. But + s iB constant, by eq. (8), 

and z is constant ; ben. *3 the pressure increases as the velocity diminishes. If 
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I gradual contraction occurs in tlio pipe, the \clocity incrcasee, and the pressure Plate IV. 
diminishes. We say gradual enlargement or contraction, so that there may 
bo no sudden change in velocity, and consequent loss of energy by shock. 

Take a mouthpiece of the form of the contracted vein, the sides of which diverge 
conoidally, and tcrmiiiaio cylindiicaily, so that the threads of the jet may emerge 
parallel, (fig. 29). 

Lot A , u, p be the area, velocity and pressure at the smallest section G ; Ai,^ Vi, pi 
tho coriesponding quantities at the exterior i). Consider a filament BOD. 


At B, the velocity h xoio, 

tho proBBUre ifl ii + tho head is /t.. 

Ate. „ t), 

n P, 

h. 

At D, „ t 

1 /'I’ »i 

k. 

Hono«0 + F.t:‘<'"’.. 

70 

'Ig V) «£? 

- A. 

. li 2 p 

w kf7 sc? 

.. .. .. 

.. m. 


Vi^ 

2^ 


or, allowing for friction, 


if tho jet discharj^e.s into &ir, pi if ^ 

Ui - c„ Q r-.- 07 A. y ,, 

Hence tho discInTge doc.’i 7',r.t dericrid on the section at 0, which may be as small 
as wo plcsLO, provided tb3 velocity at G docs not Ltcome so gnat- as to cause the 
pressure to fall beluw z^ro, .'bonid this occur, the water pre>sure becomes a 
tension, continuity ol dew vsould bo inipos.iible, and the mouthpiece could not run 

full at D. Putting p « o, we have from eq. (iS), h ~ ^ +0. 

w 2 j 

11 


But — IB equivalent to a head of water of 84 ft. ,% v • 


2(7 (h + 34 ) ; and 


Q = A w' 2r/(7i + 34) , .. (LJ). 


Thus the maximum dischaips is tho iherietic discharge into a vacuum through 
an orifice of section A under a b*" ad r. 

f i praciic 5 tho maximum discharge can never he .as gicat .n; this, owing tu 
the disengagoniont of p&rtioles of air .'^u^icnded in the water, which would cheek 
continuity of flow before th« pressure at 0 foil to zero. 

In cylindrical and coavorgoiit adjutages, the e is a sudden contraction at the 
inner orifice, <ind a subsequort expai.siou to fill the tube. A loss of energy con- 
sequciiily t\';cs place, which rcdu''-c.s the co-cilicicnt of velocity, although the 
tube may run fuU ftt it.-} external orifice, and the co-effioient of contraction bo 
equal to unity. 

Ex. 15. The cftetna! area of a divergent conoidal adjutage is 4 8. in. Find 
the theoretical dre.i of the pinallest oi’c-'s section which will allow the adjutage 
to run full (1) when tho haad of water is 2 ft. (2) when it is 16 ft. fSie ij, 

(1) At D, tljo velccily Is > 2. Tho area is 4 s. in, 

A«iC. „ Va/F+si) A „ 

A V inj: X 3(; .. 4 X 2 ; A «. (J'O I a. i?. 

{i) A Va? X 49 - 4 Viy'x i5“; A - S il L- :-A 
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Plate IV 33 , Internal cyliadric tube.— In this case the oo-officiont can bo theoretl- 
oally determined. Let the tube project internally to such a distance as will just 
aUow the jet to spring clear of the external orifice. Then the velocity at the points 
B, 0, (fig. 30), will be practically zero, and the pressures at those points will be the 
hydrostatic pressures due to the depths at B and 0. Let the areas of the orifice 
and jet be A, Aj respectively, and let the mass of fluid occupying the space be- 
tween 00 and D, occupy after a small interval t the space between OiO, and E. 

The hydrostatic pressures on the sides of the vessel balance one another every- 
where except opposite the orifice. The atmospheric pressure acts on a section of 
the jet whose area is that of the orifice, as well as over the free water surface. 
Hence the unbalanced horizontal pressure is whk. Its impulse in the time f, 
i.e., whkty must be equal to the change in horizontal momentum in the moving 
mass. Since the motion is steady, there is no such change between 0^0 ] and 
D, and there is no horizontal momentum between 00 and OxOi. Hence the 
whole ohangi is in the momentum between D and E, 


Volume oi space • Aivi. Mass of liquid « Momentum 

9 I 


A whki - 


* * A v* 2p7i 


« e^. Therefore, neglecting friction, 


The best experiments .give c« 


EXAMPLES ON CHAPTER III. 

1 . Find the discharge in cubic feet per minute from an orifice 
2' 6** long and 7" deep, its upper edge being 3" below the water 
surface, (Coll, 1885.) Ans, 318 c. ft. 

2. If a rectangular notch of width I be cut in the side of a cistern 
in which water is kept at a constant height h above tne sill, shew 

2 

that the theoretical discharge (neglecting contraction) is g Ih y/2^, 

o 4 

the mean velocity ^ ^ 20 ^, and the mean bead ~h, (Dniv. 1888.) 

o 


3. II it were found that 381 c. ft. of water passed in 16 seconds 
through a rectangular notch 10 ft. wide with a head of 10 inches, 
what would be the value of the co-efticient ? (Univ. 1880.) Ans. *63, 


4. 


Find the value of the co-efScient o in the formula h 



in which Q is the actual discharge throaga a rectangular notch in 
a thin plate in c. ft. per sec., L the length of the notch in feet, 
and h the height in inches of still water above the notch crest (Univ, 
1875.) Ans. 6'^. 
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5. Assuming the me^n velocity of water discharging from r, 
rectangular slit in the vertical side of a reservoir is two-thirds of the 
bottom velocity, obtain the expression for the discharge over a. 
drowned notch when the water approaches with a surface velocity Va* 
(Univ. 1884.) 

6. Explain the terms, head of approach, velocity of apprf^^K 
and state how the mpression for discharge through a rectangular 
notch is modified by the velocity of approach. (Coll. 1884.) 

7. (a) A rectangular orifice 4 ft. wido and 3 ft. high, in a thiiv 
plate has the water surfaces on either side at 3 ft- 9 in. and 4 ft. 3 in. 
respectively above the lower edge of the opening. Estimate the 
discharge. Arts, 42*4 c. ft. s. 

(i) If the water has a velocity of approach of 5 ft. per second, 
by how much will the discharge bo increased? Ans. 14*2 c. ft. s. 

(c) Estimate the discharge when the water levels are at 2 ft. 
9 in. and 2 ft. 6 in. respectively, there being no velocity of approach. 
Ajis. 26*6 c. ft. 8. 

8. A notch is of the form of a right-angled triangle. Estimate 
the discharge when the width of the notch at the water surface 
measures 15 inches. A7is. 0 87 c. ft. s. 

9. Prove the theorem of Bernoulli. Thence shew that the 
effective bead producing discharge through a waterway in a railway 
embankment which is run across a tank is the difference of level 
between the water surfaces oil the two sides of the embankment. 
(Univ. 1891.) 

10. A sheet-iron cistern, with vertical sides | in. thick, has on one 
side a right-angled triangular orifice, apex upwards, whoso horizontal 
base is 1 ft. wido, and 4 ft. 4 in. below water surface; and on two 
other sides circular opeuings 6 in. in diameter, whose centres are 
9 ft. below water level ; tu the outside of one of these a pipe of 1 ft. 
length and 6 in. internal diameter is fixed, and to the inside of the 
other is fastened a similar pipe. What will be the discharge from 
each orifice, and the quantity of water necessary to keep the water 
level in the cistern constant? (Univ. 1F9S.) Ans. (1)2^53 o. ft. s., 
(2) 3-87 c. ft. s., (3) 2-45 c. ft. s., (4) 8 85 c. ft. s. 
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Separating whiks. 
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39. The preceding articles enable ns to deni with all the practi- 
cal cases usually occurring. The only difficulty lies in the choice 
of a suitable co-effioiont. In the case of the discharge through a 
thin plate, the co-eQicient is certainly known with some precision ; 
Dut, except in the gauging of small streams, discharges take place ia 
practice through masonry works whoso varying details of construc- 
tion render it impossible to assign oo-efficients which will always 
suit each type of w’ork. 

40. Tank surplus weirs.— A tank surplus weir, waste weir, 
escape, or kalingula consists of a masonry wall, occupying a portion 
of the length of the bund, bub at a considerably lower level. The 
elevation of the wall is horizontal at top, and is bounded at the 
ends by vertical wing walls which support the earthwork of the 
band. The top or crest of the weir is from 1} to 3 ft. broad, and 
generally slopes slightly upwards from the tank. The level of the 
crest oi the weir is termed full tank level (F.T.L.). The weir is made 
of such a length as to discharge the greatest inflow to the tank, 
with a certain assigned depth on the crest of the weir. This depth 
or head on the weir is generally from 2 to 4 ft , and the surface 
level at this head is called maximum water level (M.W.L.). The bop 
of the bund is nob less than 3 ft. above M.W.L. The inflow to the 
tank is determined by its catchment basin or drainage area, and by 
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the maximum rainfall which observation shews can come on fchatPi«t«z^ 
area in a given time, say 24 hrs. A certain proportion of this 
rainfall, depending on the nature of the soil and slope of the 
ground, will flow into the tank; and, assuming the tank to be 
full when the rainfall commences, this is the maximum discharge 
which the weir should pass with the given head. Owing to the 
partial nature of heaviest rainfall, the discharge to bo provided for 
is not directly proportional to the area of the catchment basin. 

2 

Ryves’ empiric formula Q = cM^‘, whero M is the area of the basin 
in square miles, and c is a local co-efficient ranging from 350 to 650, 

is generally used in Southern India. Dickens’ formula Q = is 
also occasionally employed. 


The discharge of a tank weir is that through a rectangular notch, 


viz., Q 


^gIJi \/ 2y/2« 


As the water surface for somo little distance 


above the weir falls towards the weir, the head should bo measured 
to the surface of still water. Dor this purpose a vertical sucvL L 
placed against the wing wall, somo feet in front of the crosfc. The 
value of the co-officient c has not boon well determined. It varies 
with the head, with the length and thickness of the weir crest, and 
with the depth of water in front of the weir. Dor a thin edge c 
varies from about -66 to *59 with changes of length and head. The 
experiments of Castel and Blackwell on added channels * and broad- 
crested weirs give mean co-officients *53 and *51 respectively. These 
experiments were however ccndiicted on a small scale; and it 
appears probable that the co-efficient .3 aro higher for tlie large 
weirs of tanks and rivers. Professor Unwin t proposed *577, or 


1 




on theoretical grounds, and this value will bo adopted in the 


examples which follow. It agrees wxdl with the results of the 
Lowell hydraulic experiments, see note to art. 41. The formula 
thus becomes 



1 

v^S 


X 8Ili^ - 3’lJli^ 


««• 


( 20 ). 


Ex. IG. What length of kaliiigula should a tank liavo for each .square miloof a 
small catchment basin in order to carry off a rainfall ol 1 inch an hour, of which GO 
per cent reaches the tank ; it being assumed that the tank is full, that the supply 
from each square mile i.s uniform, and that tho height of still water above the crest 
of the kalingula is 4 feet? (Univ. 1S80.) 


•Castei’B “ added chaiiuels” were short channels or shoots, having the same 
section as the notch, wnivh were vla<.ed outside the notch. 

i Encyclopedia Brilannica, Otli edilicu, Article Hydiomechanics. 
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Rainfall per sq. mile per hour « 6280 x 6280 x o. ft. 

«% Bisobarge per see. per. sq. mile of catchment basin 


/60\ (6280)8 
\m) 12 X (60)8 
» 887*2 0. ft. 


Q - 8-1 Ih^, where Q - 387-2 ; h - 4 ; .M - 15-7 it. 

T1iq 8» if the drainage area were 10 s. miles, the length of the weir would be 157 ft. 


41. Weirs with broad sloping crests.- Suppose tie weir, (fig. 31), rounded 
at the crest to suppress contraction. Let h be the total head on the crest, measured 
from centre of crest to level of still water. Let BO be any filament extending from 
still water to centra of ere t ; /t], hj the heads at B and 0 ; x the depth of water on 
centre of weir ; s the depth of water over C. 


At B, the head is hi ; the pressure whi ; the velocity zero. 
AtO, „ „ m; „ 


to to 


t)8 

2^' 


2 /i - i; t; ~ '•' '2g (h — x). Eenco, if I bo the length 


' the weir, Q « lx •Jig {h - x). 


If a; *= 0, Q *= 0 ; and if x-h,Q==0; so that Q is a maximum for some 
value of X between 0 and h, 

Q = i Vijj ) x{h - a:)^ ( ; « lJ2g ) - “O. 

- « + 2 (h - «) « 0 ; a; « § h. 


HenoeQ-.|i;.^23^‘ 


0-385 Ih Jlgh 


( 21 ). 


Experiment shows • that the actual discharge is approximately equal to this 
maximum. The ordinary weir fonnula is Q = ^^clh^''lga. Hence the value of c 

for broad-crested weirs will be about ^ x *385 = 677 « 

42. Drowned tank weirs.—lf the crest is low, and the surplus 
channel confined, the tail water may sometimes rise above the level 
of the weir crest. This is the case of a submerged notch, the dis- 
charge from which is given by eq, (17) provided the co-efficient be 
the same for the orifice and notch portions of the opening. It 
appears however from observations on largo weirs t that the co- 
efficient for the orifice portion is considerably higher than that for 
the notch portion. In tho absence of precise data, the co-efficients 
may be taken as *8 and *577 respectively. 


• The Lowell experiments give c •« *603 for woiis with crests 3 ft. broad, and 
floutractions suppressed, heads C to 18 inches. 

f Pro. Inst C, E., Vol. ixxxv, 18S5-8G, Ethind on co-cfiiclonts of discharge, 
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Ex. 17. A weir haa a head of 4 ffc. of water oa its crest, and the tail \yater rises Plata IV 
8 ft. above the crest. Find the discharge per second for each length %f 15 7 feet, 

Let d bo depth of tail water on crest ; 

h difierence of water levels above and below wci.. 

Qi* w ciUiff igh, Qj « e^ld '2gh. Ci «= *577 ; r, *9 ' 

.*. Q « 15-7 X 8 I ^ x -577 + -8 x 3 | = 360 c, ft. per «co. 

Comparing this with the previous example, it will be seen that the free overfall 
discharges 87 c, ft. per sec. more than the drowned weir for each length of 15 7 
feet. 

43. Gauging weirs. — When it is desired to accurately measure 
the discharge of a stream, (as for water supply projects, &c.), a dam 
made of piles B and planks C, (figs. 32), is formed across the stream, 
and puddled on the inside to prevent leakage. A notch, generally 
rectangular, of suitable size to carry the discharge, is made in the 
weir, and is protected by a metal plate D, one-tenth inch thick, so 
as to secure accuracy of form and permanent sharpness ed^e. 

The air must have free access behind the sheet of falling water. 

Fig. 32 (a) is a half elevation of, and fig. 32 (b) a cross section 
througli the weir. Fig. 32 (c) is an enlarged section to show plank 
and plate. It will be seen that this is a case of discharge through 
a rectangular notch with a velocity of approach. If however care 
be taken that the section of the jet does not exceed one-fifth of 
the water section above the weir, the velocity ol approach may be 
neglected. The head is measured by a scale placed on a pile E, 
the zero of the scale being accurately level with the crest of the 
notch. The pile should be driven some distance back from the weir, 
sry 5 feet for small weirs to 25 feet for large ones, so as to ensure 
the head being measured to the suifac(} of still water, 

A more accurate inode of measurement is by the hook gauge. A 
sharp-pointed metal hook at the foot of a veitical bar, is capable 
of being moved up and down by a slow motion screw, the wbolo 
apparatus being attached to a pile. The bar carries an index which 
is at the same height above tho point of the hook that the zero 
of tho scale is above the level of the notch crest. When a reading 
is to be taken, tho hook is depressed below the surface of the 
water, and then slowly raised. Tho instant of its reaching the 
surface is distinctly marked by the rtfioxion from a film of water 
formed on the point of the hook. Tho scale is then read. In 
ordinary light, differences of level of a hundredth of an inch can 
bo detected. 

If the head is variable, the scale should be read at intervals of 
12 hours, and the discharge of any interval be calculated by the 
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FUt« IV. mean of the heads at the beginning and end of that interval. The 
discharge •can be estimated by eq. (9), 

2 

Q = ^ clh \^2gh, where c = *62 for ordinary heads. 

nix. 18. A rectangular notch is 1*5 ft. wide, and the head to still water is 
0*64 ft. Find the discharge per second. 

Q X *62 X 1-5 X -Ci X 8 X *8 - 2*54 c. ft. per seo. 

3 

For greater accuracy, Francis formula, eq, (10), Q - |c (L — 0'2H) H 

may bo used. This would give for the above example 
o 

Q « ^ X -62 (1*5 - 0*2 X *64) *64 x 8 x *8 - 2*82 c. ft. per see. 


44. Anicuts. — An anicut is a masonry dam built across a 
river so as to raise the water surface to a' sufficient height in the 
dry season to admit of the water being carried by gravitation to 
places which it otherwise could not reach. The dam serves also 
to rec^’^'^ate the often capricious shiftings of the river in its course, 
and thus to conduct the water to the point of offtake. The anicut 
terminates at each end in wing walls to support the flood banks of 
the river. The supply of water required is taken off by a channel, 
on one or both banks, just above the anicut, the opening from the 
river being provided with a masonry head sluice to regulate the 
admission of the water. If the full supply level in the channel is 
to be maintained when little water comes down the river, the 
aniout crest should be at this level, or indeed slightly above it, 
since a small additional bead is needed to force the supply through 
the head sluices, even when the shutters are fully open. All 
surplus water passes over the anicut. In ordinary seasons the 
surplus may discharge with a free overfall ; but in floods the tail 
water rises above the crest of the anicut, and the water on the 
upper side becomes heaped up until there is a sufficient head to 
drive the river discharge through the coitracted section. In both 
cases, the velocity of approach must be taken into account. 

45. Anicut with clear overfall'-This is the case of free 
discharge from a rectangular notch, with velocity of approach, 
eq. (14). Taking c == -577, the co-efficient applicable to broad- 
crested weirs, we have 

Q - 31!. J (h + h,)“ - f (22) 

where /la, (fig. 33), is the head due to the velocity of approach.* 
The chief use of this formula is to chock estimates of the discharge 


* See note to art. 92. 
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of the river for measured values of h. The velocity of approach is Putt i?. 
less than the measured mean velocity of the rivei', owing to the 
increase of water section just above the anicut; but it can be de- 
termined from eq. (4), VaK — vA, 

Should h be required for a given height of anicut, aiid a known 
discharge, the increased water section above the anicut is unknown 
and we must proceed by approximation. First assume an appi^oxi- 
mate value for the velocity of approach, and solve for h. From 
the increased water section thus obtained, deduce a nearer value of 
the velocity of approach, and re-solve for h. In practice however, 
the silting up of the river bed above the anicut tends to prevent 
this increase of water section, and for moat practical purposes the 
velocity of approach may bo taken as equal to the mean velocity 
just below the anicut. 

'Ex. 19. A river 200 ft. wide and flowing 5 ffc. deep with a mean velocity of 4 ft. 
per second, passes over an anicut whoso height is 8 ft. above led, with a clear over- * 
fall. Estimate the depth on the crest. 

Q = (200 X 5) s. ft. X 4 « 4,000 c, ft. per sec. 

The increased section above the anicut is unknown. Assume it to be 6 x 200, 
or 1,600 s. ft. approximately. 

5 X 200 

The velocity of approach is approxim-itcly g"j^"200 ^ per sec, 

(2‘5P H 

h, <*- » *1 ; {h„y ® *03. Inserting these values in eq. (22), 

4000 - 8*1 X 200 X ^ (;i + -jy - •02. 

0 

log (h + -1) « 3 log G-525 = log 3*49 ; h ^ B‘£9. 

This result is sufiiciently correct for practical purposes. If we assume that there 
has been no silting, the value cl h may be corrected as foilews 

5 

The velocity of approach is x 4 — 1*8, 

.% ha « *05, and (ho)* - *Ul. 

2 

/. log {h + *05) « 3 log G 00-3 -- leg 3-48 ; h S‘43, 

If therw were no velocity of approach, the requisite head would belound to be 
8'48 ft. 

46, Drowned anicut.— This is the case of a submerged rec- 
tangular notch with velocity of approach. Let d, (fig. 34),*be the 
depth of the tail water on the crest, h the actual head, the head 
due to the velocity of approach, Qj, the dischargee through h 
and d respectively. 

ThenQ, = lciU2g ( {h + ~ hM 

Qg ^ Cj Idy/ 2(j {ji -f- /,j|). 
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IV. The values of the co-eflBoients are not well known ; but there is 
no doubt that owing to the slope of the water surfaco in the notch 
portion, and to the comparative absence of contraction in the sluice 
portion, o.j is considerably higher than Ci. For the reasons men- 
tio’-.cjd in art. 42 the co-elT.cients accepted for drowned tank weirs, 
viz., Cl — *577, = *8 will bo here adopted, and we have than 

Q = 1 [ 31 J (h + h.)» - hJ ^ -f- 6 'lu (ii + lu)'^ J ■ (23) 

If the anient were absent, i.c., h indefinitely small compared with d, the co- 
efficient would obviously be 1. If there were a clear overfall, i.e., d indefinitely 
small compared with h, the co-efficient would be about *577. Hence we ara 
justified in concluding that the average co-efficient for the whole discharge Qi -f- 
may vary betwc'cn these limits, increasing as the ratio h : d diminishes. This con- 
clusion indicates the imperfections of the formula ; nevertheljss, it is believed that 
eq. (23) will give good results in ordinary cases. 

The cbiftf use of equation (23) is to dotermind h for a known 
maximum flood discharge. The maximum flood discharge is obtained 
by ''huorvation of the rainfall on the catchment basin, checked by 
measurements of the velocity and cross S'^.ction of the river. The 
value of h deduced from the formula is added to the given maximum 
depth at which the river flows, and this enables us to fix the height 
of the wing walls, head sluices, and flood banks, so that there may 
be no risk of their being overtopped by the flood. In this case, 
the increased water section above the anicut is unknown, and ha 
must be obtained by approximation. 

Other questions can of course be solved by equation (23), such 
as (a) the amount of flood discharge for observed values of d and 
h; {h) the height to which an anicut must be built in order Ld 
raise the water by a given quantity when the river is flowing at 
a given depth, In this latter case we solve for d, Tlio diflorence 
between d and the depth of the river gives the height of the anicut. 


Ex. 20. The maximum floeq discharge of a river is estimated .at 5,000,000 o. 
yds. per hour, the mean velocity being 500 ft. per minute. An anicut is to he luilt 
aoross the river, 460 ft. long, with its crest 4^ ft. above bed. Whai mast bo the 
height of the wing walls and head sluice, so that a maximum flood may not rbe 
within three feet of their tops ? 


Q «= I 


j^3’l ^ {h + - ft.S ^ + C'4ii (« + j 


„ ,, 6000000 X 27 

^ 60 X GO 


87500 c. ft. per sec. ; v 


60 ‘ 


A « - 4600 8. ft. Mean depth « 4 « 10 ft. 

t> I 

d « 10 - 4*5 «• 5’6 ft. Taking the velocity of approach equal to the mtiji-U 

velooity, h. - I®'"®!’ = l OS ; - M2. 

04 
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JE*!. - « ; 37500 =. 450 [3'1 (*3 - 1-12) + 6-4 x 6-6 *]. 

A t'S 1- U'3 j! - 38. Try IS ». 8 ; 8 + 23'6 30'6, 

„ ai- I'D; 6-6G + 21'17 -^28'E. 

A«“1S; .*.»> + 1 -OS - 3'61; H-2'53. 

•*, Top ol wing wailB nmst be 3 + 2’53 5*5 or 11 ft. above aiiicut cregt. ' 


Ex. SS.-'Aq anicut 1,500 ft. long is to bo built across a river. The full aJppiy 
depth in the ohaunel, alcve the floor of the head sluice, is 7*0 ft., and the area 
of the aloico openings ia snob that a head of 6 inches ia requisite to furnish the 
given supply. The normal water section of the river is 7,500 e. ft., and the 
estimated normal diachargo 30,000 c. ft. per see. V/hau should be the height of 
the crest of the anicut above level of slnico floor, the Utt3u being placed at the 
bed of the river ? 

Mean depth of shsr ^ - 5 ft. 

i 1500 

Xho water eurface has to be raised through (7*0 — 5*0) 4 if 

Q - J 1^ 31 I (?i + - V I + 0-4£i(& + 

Hero Q -» 80000 ; i •» 1500 ; h « 2*5 ft, Taking the velocity of approach o^fllSk 

%Q the mean velocity, i.f., equal to « 4, ws have =* « 35. 

A 64 

80000 = 1600 31 I (2'75)3 - (■25)t| + G'4 d (215)i J. 

.% 20 31 {■1-55 - 'ISJ + Cl «i X I Gu. d - 

Hence height of cresi above sluice floor is 6 0 - 0*6 « 4*4 ft, 

If d had Qoma out negative, it would indicate that the anicut ersft mtaat be 
above tail water. Equa^on (22) for a clear overfall should in this caoo be solved 
fer h. Then 7*5 ^ h will give height of anicut above sluice floor. 


Ex. ‘22, — \ jungle atreairi has a depth of 3 ft. and mean velocity of 12 ft. peic 
second. Wfait must be the height of an anicut to raise the water 6 ft., supposing; 
that the bod silts op, above the anicut, so as to give a depth of 6 It. ? 

It is evident from tho figures given that (.ho crest lev«I will be above tioa M 
wffiter, i.si.j lhi»6 tlli« anicut has a clear overfall. 

“ .ill « Sii X IB; », ». I X 17 =. 5 it. >,'”t sic. ft„ « ’iHC 

III is - i X 8 I + 'SB)® - •(56)# I . 

«■<» «» (Ss + •66)5 _ 42 ; ... + -66) « (12-11)3 ^ s-jf, 

.% & «■ 4*71 ft. Height of anicut « 6*0 + 3*0 - 4-7 - 4*3 ft. 


47. Sluices. — Sluioas are constructed in many forma. The 
head sluices regulating the admission of water to channels, and 
tho under sluices of anicufcs, which serve to scour away the silt 
in front of the channel entrance, generally consist of rectangular 
openings, each from 3 to 6 feet in breadth, closed by vertical 
shutters sliding in grooves. The sluice openings or vents as they 
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VMf ly, are termed, are separated from one another by piers which are 
generally provided with cutwaters. The sluice floor is usually on 
the level of the bed of the river or channel ; and the bottom and 
lateral contraotions oeing thus suppressed to a great extent, the 
^ oiijcient nay ordinarily be taken as *8. The openings of river 
bridges, and the waterways in railway and other embankments con- 
structed across tanks or in tracts liable to floods, may also be 
regarded as sluices, with the same or oven a higher co-oflicient.* 
In all these cases the discharge takes place into water, and the 
head is the difference of level between the water surfaces above 
and below the sluice. 

Tink escape shticcs are rectangular openings in tank weirs, to 
BBsiso in the removal of flood water, and they are closed by vertical 
sliding shuttofs Being unprovided with piers and cutwaters, the 
'jo-eflieiont may bo taken as -02. The discharge from those sluices 
U/iualiy takes place freely into air. 

Lucii shiices will bo referred to later, art. 68. They generally 
consist of culverts in the side walls of the lock chamber having a 
cross section considerably greater than that of their vents, so as 
tu reduce velocity. The vents are closed by sliding shutters. The 
lower sluiccs soDjctinies consist of openings in the gates, closed 
hi a similar manner. In either case the co-efficient may he taken 

*62. 

Tank Irrvjaiion shiiccs are culverts made through the bund, 
iveasuiing about 2' — 6" X 2' — 0"', and are rectangular in section 
an arched top. The culvert communicates with the tank 

(1) by a vent at the inner end which is closed by a shutter, 

(2) i y vertical openings in tho masonry of the sluice closed 

by coned plugs fitting circular holes cut in horizontal 
stones which are built at different levels. 

The area of the vent at tho inner end is small compared with 
Ihe section of the culvert in order that the velocity in the latter 
may not be too high Each plug is attached to a staff or spear, 
and can be lifted through fixed intervals, so as to partially or com- 
pletely open its vent. Tho plug holes vary from 4 to 12 inches 
in diameter, and should be coned 1 in 4. When the tank is full, 
one or more of the uppermost plugs are lifted ; as the water sinks, 
those lower down may be withdrawn ; and at last tho shutter can, 

♦ In sluice and bridge openings provided with curved cutwatecs and wing 
walls, aco-efficient o! *9 may be used, vide Professional Papers on Indian Engi- 
nearing, 2nd series, vol, IX, Appold’s experimente. 
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if necessary, be raised. Tiu3 co-eilicient for the shutter opening Piat® 
may be taken as 0 62 ; that for the ping holes 0-7. 

Ex. 23.'-Tho following Ate levels In connexion with the head of a ohanneli 


iho full supply of which is 600 o. ft. per seo* 

Floor of sluice •. 43*26 

Full supply level of channel {P. B. L.) .. 51*26 

Anient cront «« •• 51*50 


Dotermino the numbor of vonts each 6 ft. high and 4 ft. wido which will 
bo rof[uired for the head sluice. 

Let n be this number. 

Q - cA aT 2gh. Here Q — 600 ; c *« *8 ; A *• n x 6 x 4 ; ?i 0*3. 

/. 600 *8 X 24n X 0*3. Whonco n 7, 

Ex. 24.-— Whon there ia 10 (t. of water flowing over the aniout in tha 
preceding example, find to what height tbo shutters should bo raised ofi tho 
sluice ailh 

Let X be 4hb height. A«»7xa;x4;7i«» 10*3. 

600 « *8 X 2Sjc X 8 V‘To-3 ; a; « 1 04 it. 

Ex. 26.— -A tank irrigation sluice is provided with tiers of ping holes, three 
holes in each tier. When the head on a tier is reduced to 4 ft., tho water 
surface is sufficiently lew to permit of tho plugs of tho next tier being withdrawn. 
What should be the diometer of tho holes to irrigate 400 acres of rice at tho 
rate of 1 0. ft. perieo. for every 80 acres.* 

Q “ sA -Jigh Horo Q » - 13'3 ; c - 0-7 ; 7» = 1. 

A 13*3 « 0*7 A K 8 X 2 ; whence A = 1**2. If d bo diameter of hobs in 

feet, A «• 8 - 1*2; /, » *61; /. d « *72. Henoo O-inch holes will bo 

4 

rcjquired. 

Ex. 26.— A surplus sl’dca in a tank weir consists of 8 vents each 4 ft. wide. 
Whon there Is 9 (t. of water on tho sluico sill, find tho discharge per second if 
tho shutters axe lifted 6 ft., tha dischargo taking place into air. 

Q « g cl (/ij’ - hp). Here 1 « 8 x 4; /i] « 9; d,. - t 

Q » X ^ X 32 X 8 (27 - 8) 2,027 o. (t. oor. 

48. Discharge of bridge openings.—Tf' fcbo shutters of n 
sluico are drawn clear of the water surface, there will remain 
such tk difference between the surface levels above and below the 
sluice as will duffico to give tho actual velocity of dischargo, 
whatever tliis may be. This is the case of waterways in railway 
or other embankments constructed across tanks, or in tracts liable 
to standing floods. Tho case of ordinary river bridge openings is 


•Noto,— jj'cr largo areas of 5, COO acrea and upwards tho usual allowance 
is 1 0. it. pet gecoud for evei-y 00 ficr.s. 
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viEte V. similar, except that it is complicated by a velocity of approach. 
This will now be considered. 

Let Va bo the velocity of approach (fig. 35), Vy the velocity at 
the c»-''33 section A, of greatest contraction, x the actual heading 

or afflux. The total head producing the velocity Vi is (a: + ha ) ; 

V = {x + ha). 

Q = cAi y2g (x + li.) (24) 

• 

To obtain ha the head due to tho velocity of approach, it must 
be remembered that this velocity is less than tho normal velocity 
of the river, owing to the increase of water section above the 
bridge. If zj, Z, d be the normal velocity, breadth, and depth of 
the river, we have I, {d on) tho corresponding quantities above 

the bridge, so that Va = — v» Hence if x, v, and A, bo ob- 

d X 

served, Q can be determined. It will be noted that Aj is practi- 
cally the actual area of the water section, there being no surface 
or bottom contraction, and, if cutwaters are present, but little 
hteral contraction. The co-efficient has therefore a high value, 
and may be taken equal to *9.* 

If X is the unknown quantity, we must proceed by approxi- 
mation since ha involves x. This case will be dealt with under 
** afflux,” art. 49, 

If there is no velocity of approach, we have 

Q = cAys^ (25) 

Ex. 27.~Tho country on each rido of a railway embankment, which crossee 
the drainage, is flooded. A waterway of 25 ft. discharges with deiJths of G and 
A ft, on the upper and lower sides respectively. Estimate the diBoharge. 

Q « *9 X (25 X 4) X 8 « 1018 o. ft. per sec. 

Some authorities consider a bridge opening equivalent to a submerged weir, and 
they deal separately with the d^chargos through tho .sluice and notch portions of 

the area. Thus tho formula Q - cl k' ^gx is in use in the ]\rradras Ir- 

rigation Department for waterway.-, in embankments crossing tanks. As, however, 
observation shews that tho lowest water level :s Jrdinarilyf reached under tho 
bridge, j^--is clear that tho whole discharge must take place through the smallc.-^t 
section A^. The velocity through that section cannot be greater than that duo to 
the actual head x, or, if there be a vclooity of approach, to tho head x + k„. 
Hence the mode of calculation adopted m th3 text s jmn preferable to that now 
described, though very similar numerical results might be obtained by tho suitable 
selection of co-efficients. 


• Under favourable circumstances ‘95 may bo used, 
t Except when the afflux is very g:eal. 
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49. Afflux. — When a stream meets with an obstruction which Plate v 
contracts the normal cross section, the water becomes heaped up 
on the opper side of the obstruction, until the head or afflux is 
sufficient to drive the whole discharge through the contracted 
section. The obstruction may consist of a wall of limited JuJ^’ht, 
extending across the river, as in the case of an anicut; or a series 
of lofty detached v;alls, with openings at intervals of the fuU uepth 
of the stream, as in the case of bridge piers. The afflux can be 
determined by solving eq. (22) or (23) for /i, or (24) or (25) for a?. 

In the case of bridge openings however, we may proceed directly 
as follows:— 

Lot I, d be the mean width and depth below the bridge ; li the 
lineal waterway of the bridge ; x the afflux (fig. 35). 

Below the bridge the velocity is v, and the water section Id, 

Above „ „ „ „ l(d^x). 

Under the arohes „ „ „ olid, 

—where c is the co-efficient of contraction, which is usually taken 
as *95. 


The maximum velocity under the arohes is due to the head 
X -f ha, i.fl., 

= v'2Y(^ha)t .% X r- 


But Vi = and Va == 

‘oil d ^ X 

. ) JL ^ 

^ " 2g ^ C2li‘^ (d 4- x)^ ^ 


a uviOic equation for x which may be solved by trial or approxima- 
tion. To approximate, assume the velocity of approach equal to 
the velocity below bridge, Te., neglect x on the right. We have 
then, substituting the val lo of c, 


^ ~ S 

a result which is sufficiently accurate for most practical purposes. 
If a closer approximation is required, insert the value of x so found 
in (26) and recalculate. If li is the unknown quantity, we get, by 
transposing (26). 

vl(d-\-x) 


o^2gx (d -f .aijs + v'd'^ 


If there is no velocity of approach, ^ ^ ^ 


v2/M 
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fSftte V. 28.— A bridge of seven arches of 20 ft. span is constructed across a rivet 

which has in flood a mean width of 200 ft«, mean depth of 6 ft. and mean 
fslooity of 5 ft. per second. Find the afflux. 


-1 

(llH-i) 


[ M H 


1 li* / 

G4 ( 

' \H0/ 


For a BQConcl approximation, wo have from ( 2 ( 3 ) 
G4 i \140/ S 


60. Backwater. — B the water were stationary against an ob- 
straction, the surface BO (fig. 36), would be horizontal, and the 
length of the backwater^ or distance from tho obstruction to which 
the effect of the afflux x can bo perceived, would bo x cosec s, 
wliere i is tho surface fall. But if this wore tho case in a flowing 
stream, there would be no surface fall betw^ecn C and B to develop 
velocity and overcome frictional resistance (see chap. vii). The 
velocity, and with it the resistance aro, it is triio, both reduced by 
the increase of section above the obstruction ; still, somo head is 
required, and the result is that the actual water surface DFB 
becomes curved, tho curve touching the normal water surface at D, 
and the horizontal at B. Tlius at any section EFG, tho fall EG 
would be required to overcome the normal resistance, and produce 
the ordinary velocity in tho length DG of tho unobstructed stream. 
Aa it is, however, only the head EE is required. If tlui curve DEB 
were a circular aro, tho length of tho backwater would bo 2a’ cosec »; 
but observation shews that 1*5 x cosec i furnishes a result sufliciontly 
accurate for practical purposes, provided the rivor bod has a fairly 
uniform breadth and slopo. 

Ex, 29.— A stream of uniform breadth has n normal depth of 2J ft., and a fall of 
2 ft. per mile. Find tho length of backwater caused by a weir which raues thu 

surface by dj ft. 

3 6280 

Length required « 1*5 x cosec t « g ^ ^ ^ ^ mUee. 


61. Separating weirs.—In cases of town supply, it may bo desirable to 
divert tho often discoloured flood water from tho supply channel. When a 

moderate quantity of w^woi only is discharging, it drops over the lip ifig. 37) 

into a culvert D communicating with the supply channel. In floods, however, tho 
increased velocity due to the greater depth causes tho wato’* to leap across 
tho opening. Assuming that tho velocity of all tho fllameuta is their mean 
2 

velocity, or - ,/2gh, which is sufliciently accurate f(;r practical purpCi^os, we have 

n (jft Q 

M =* 7i*’ r’ 2 / for any aasigned values of 

«J M XO /( 

«iBd h. 


62. Modules. ~Iu irrigation districts in India, tho ryot 10 
charged for water accorcing to fcho area oiilfcivated. In Europe 
however the water is sold by volume, and the Module ia the 
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apparatus employed to measure the quantity issued. The chief puu v. 
difficulty is to secure a constant supply with a variable head. 

Italian ilfoitdic.—The water is admitted by a sluice, from the 
main channel into a masonry basin, and flows thence th.-'ugh a 
rectangular notch into the distributing channel. The sluice h/ 
regulated by hand, and an approximately constant head on the 
notch in the chamber can thus be secured. These modules, not 
being self acting, are imperfect. 

Spanish Module , — ^The area of the orifice is made to vary as 
the head changes by suspending a conoidal plug, attached to a 
float, in a circular opening. The circular orifice is made in the 
horizontal floor of a masonry chamber B (fig. 38)» constructed in 
the canal bank. A brass plug 0 is connected with a hollow brass float 
D, and works vertically in guides. The water falls into a masonry 
well E below the chamber, and is thence conducted through the 
bank to the distributing channel. If r bo the assigned radius of 
the opening, and x the radius of the plug at any point, the area of 
the water space is 7 r{r^ — a;*), so that Q ctt (r^ — x*) ^2gh, 
whence successive values of x can bo found for different values of h, 
and the plug can be designed. The chief objection to this form of 
module is the great fall required. This has been avoided in the 
Jamaica water works by placing the plug horizontally, and connecting 
it with the float by link work.* 


EXAMPLES ’on CHAPTER TV 

1. A tank has a drainage area of 20 square miles. Estimate the 

maximum flood from the expression Q = 460 M^, and find the length 
ot escapo weir to discharge this maximum supply with a depth of 
2J feet on the crest. (Coll. 1884.) Ans. (1) 4,25G c. ft. s., (2) 347 ft. 

2. A tank has a drainage area of 45 square miles, and a weir 
250 ft. in length with a clear overfall. Kequired the height of bund 
above escape crest in order to give a margin of 6 ft. above maximum 

flood level. Q - 500 mI (Coll. 1885.) Ans. 10 ft. 

3. A weir with a free overfall 100 ft. long discharges with''a depth 
of 3 ft. To what extent will this depth be increased if the weir 
bo shortened to 60 ft. ? What length should it he if drowned by 
the tail water rising one foot above the crest, so that the total 
depth flowing over may remain unaltered ? (Univ. 1882.) A 71 S. (1) 1*75 
ft., (2) 91 ft. 


Pcc. Insfe. C, E., Vol. Jxv, 1880-81. 
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4. The upper and lower water surfaces are 6 ft. and 2 ft. 
respectively above the crest of a submerged weir 100 ft. long ; and 
the mean velocity of approach is 4 ffc. per second. Calculate the 
discharge ; and the depth required to pass the same quantity of 
^..uer over an anicut of the same length with a free overfall without 
velocity of approach. (Univ. 1883.) Ans. (1) 5,312 c. ft, s., (2) 
6*6 ft. 

5. Find the height of water passing over a kalingula crest 
400 feet long with a velocity of approach of 9 ft. per second, 
the discharge being 14,000 o. ft. per sec. (Coll. 1885.) Ans, 4*2 ft. 

6. Describe fully the way in which the discharge of an irrigation 
channel about 9 ft. wide and 2 ft. deep should bo measured w^hen 
it is desirable to obtain a very accurate result. (Univ. 1875.) 

7. A river 100 ft. wide and 10 ft. deep has a mean velocity 
of 4 ft. per second. Find the height of an anicut to raise the 
water 3 ft. Ans. 8 ft. 

8. A river 300 ft. wide with vertical banks, and 10 ft. deep, 
has a mean velocity of 3 ft. per second. At what height above 
an anicut with a clear overfall would the whole bo discharged? 
Ans. 8 ft, 

9. The area of a certain locality draining into the Cheyar 

is 1,000 s. miles. An anicut 800 ft. long is constructed on this 

river ; and the crest is 3 ft. below the flood surface level of the water 
as it wag before the dam was built. The mean velocity of the 
current is 8 ft. per second. How much will the level of the surface of 

2 

the water in the river be raised above crefit of anicut? Q = 560 M * 
(Ooll. 1884.) Ans. 6-8 ft. 

10. The maximum flood discharge of a river is 60,000 o. ft. per 

sec., which passes over a weir built unde- a bridge of 16 arches of 

82 ft. span. The crest is 9 ft. above bed. Velocity of approach 

8 ft, per sec. The gauge on the apron below the weir reads 15 ft. 
To what height will the flood rise on the crest? — ’50,03 — *75. 
(Dniv. 1892.) Ans. 11 ft. 

11. A tank has two sluices irrigating 1,800 and 1,260 acres re- 
spectively. Find the width of each opening to give the required 
discharge with a depth of 4 ft. on the sills, the height of each 
being 1 foot, and the quantity of water needed being 1 c. ft. per 
second for 60 acres. (Coll. 1880.) Ans. (1) 8*8 ft., (2) 2*7 ft. 

12. A tank has three sluices irrigating 600, 800, and 1,200 acres, 
their sills being respectively 18, 20 and 25 ft. below F.T.L. The 
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width of each opening being 1 ft., required the heights of the open- 
ings in order that they may discharge the necessary supply of 1 c. ft. 
per second for 60 acres when the water is 12 ft. heicw F. T. L. 
(Coll. 1882.) A71S. (i) 8*5 in., (2) 11*8 in., (3) 13-6'in. 

13. Wishing to ascertain the rate of discharge froii a tank 
sluice, I found the orifice a circular one 4 inches in diamate*', c-nd 
20 ft. below the surface of the water. At what rate was tks water 
ejcaping ? (Univ. 1870 ) Ans. 2 e. ft. s. 


14. Find the dimensions of a submerged rectangular sluice to 
discharge with a head of 9 inches a supply of water for irrigating 
2,000 acres of land at the rate of 2 c. yards per hour per acre. 
(Univ. 1874.) Ans. 2 ft. by 3J ft. 

15. How many square feet of waterway must a head sluice 
have to supply 50,000 c. yds. per hour with a head of 9 inches? 
(Univ. 1878.) Ans. 68 s. ft. 


16. A road is to be carried across a tank, and provision made 
to allow of the maximum discharge being passed through the road 
bank. The following are the data ; — 


Estimated discharge from drainage basin 2100 c. ft. per sec. 


Top of bund 

60-50\ 

M. W. L. 

4700 

F. T. L. 

45-00 

Ground level of floor of opening 

40-00 j 


above M.S.L. 


The water level above bridge opening is not to be more than 6 
inches above M. W. L. in tank. Find length of waterway required? 
(Coll. 1884.) A71S. 59 ft. 


17. A kalingula 200 yards long has 3 ft. of water passing over 
it with a velocity of approach of 8 fb. per second. There are 100 
vents in it, each 3 ft. wide and 4 ft. high, with their tops coinci- 
dent with tlio kalingula crest. Find the discharge when the sluices 
are all open, the discharge taking place into air, Aiis. 27,642 o. ft. s. 


18. Deduce a formula which gives the additional height to which 
the level of the water in a river will bo raised when the piers of a 
new bridge curtail the sectional area between the banks. (Univ. 
1881.) 

19. Find the rise in surface level of a river 200 ft. broad, and 
having velocity of 6 miles per hour, which would be caused by the 
erection of a bridge of 4 spans, having piers 6 ft. in breadth? 
(Coll. 1885.) Ans, 3*3 in. 

6 
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20. A river 20) ft. broad with practically vertical banks has to 
be bridged. What waterway is necessary in order that the afflux 
may not exceed 6 inches ? In Hood the river is 10 ft. deep, and the 
mean '.elocity is ascertained to be 4 ft. per sec. with this depth, 
(oniv. 188e.) Ans. 124 ft. 

21. A bridge is built across a river, and causes a heading up 

of 9 inches. The mean velocity below the bridge is 6 ft. per second, 
and the depth is 8 ft. Mad the velocity with which the stream 
goes through the arches, and the proportion between width of river 
and waterway of bridge. (Ooll. 1884.) (1) 8*3 ft. s., (2) 1*66 to 1. 

22. How may a constant discharge of water be obtained from 
an irrigation sluice if the head is subject to occasional variation? 
(Univ. 1871.) 

23. During the flood which destroyed the Kali Nadi aqueduct 
in 1885, the depths of water in the river on the upstream and 
downstream sides of the aqueduct were 37 ft. and 24 ft. respectively, 
thus giving an afflux of 13 ft. The lineal waterway was 275 ft., 
and the velocity of approach 3 ft. per sec. Estimate the flood 
discharge of the river. Co-efficient *9. (Univ. 1890.) Ans, 172,260 
0 . ft. s. 

24. The following are levels connected with a tank weir ft. 
long 

Top of bund 29*57 

M, W. L. 28*32 

F. T, L. 24*32 

Bed of surplus channel 20*00 

It is proposed to lengthen the weir so as to increase the margin 
between M. W. L. and top of bund to 3 ft. What longfch of wpir 
must be added? (Univ. 1890.) Ans, 85| ft. 

25. A tank has a catchment basin of ^0 sq. miles. What length 
of weir will it require to carry off with a head of 2 ft. a rainfall 
of 4 inches in 24 hours, 50 per cent of which reaches the tank? 
(Univ. 1889.) Am. 61 ft. 
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53. We have hitherto supposed the head under which dischatge Plat# 
takes place to be constant. If, however, a vessel of water does not 
receive a supply to compensate for its discharge through an orifice, 

the surface level falls, and the head diminishes gradually to zero. 

The vessel may be prismatic or otherwise, and the orifice may 
discharge to waste, or into another vessel. We shall confine 
ourselves mainly to prismatic vessels, and, for the present, to 
orifices which discharge to waste. 

54. Jb'ree discharge from prismatic vessels.— It has been 
explained (arts. 14, 26), that the theoretical velocity of efidux under 
any head or height is that which would be acquired by a particle 
falling freely through that height, or which must be given to a 
particle thrown upwards so as to just enable it to reach that 
height. Hence, as the water surface descends to the orifice, or 
ascends from the orifice the velocity of eiilux varies with the 
head in precisely the same manner as does the velocity of the 
particle. 

Let the velocity vary from 0 to u in the time t c^econds. After 

1, 2, 3, t seconds the velocity will be feet. Let 

BC (fig, 39), represent t seconds, CD represent gt * v) feet. The 
velocity at any instant is evidently given by the corresponding 
ordinate of the triangle BOD. Hence the maan of ^]| the velocities 
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Plate 7 . throughout the time t is , or half the maximum velo- 

2 2 2 

oity. Heuce the discharge, when the head varies from fe to 0 or 
from 0 uo is halt the discharge which would take place in the 
time under a constant head h, 

Sin'».e the mean velocity is ~ fj'2gh = it appears that the 

mean head is 

4 

55. Time of emptying or filling.—Let S be the area of the 
water surface in the vessel, H its maximum depth above the orifice, 
t the time required for change of head from II to 0 or from 0 to H* 

The mean discharge of the orifice per second is cA ^ ^2yH. 
The whole discharge from the orifice is cA. -^v/2gH x t. 


But the whole discharge from the vessel is SH. 

•t= (29) 

cA^/2gH 

or the time is double that which would be required to discharge 

the same volume under a constant bead H. 


- (29), 


If the head diminishes from H to h or increases from ^ to H 
we have:— 

2SH 

Time from H to 0, or 0 to K is - 

cAV2gn 

. ... .... 2Bh 


Time from h to 0, or 0 to A is ; 

cA>^2gh 

But the last mentioned interval is unexpended; 
the actual time is - .T ; or 


cAv'gg'H ckV'^gh' 


cAV^g 


(v^H- v/h) 


... (30) 


Ex. 30.— A cylindric vessel lia\iDga diameter of 6‘7d7 inches has an orifice 
0*2 inches in (^iameter, and the fluid surface is observed to sink from 16 inches 
to 12 inches in depth in 63 seconds. Find the oo*efiioient of discharge, taking 
g « 32*m8. 


■'v) 


2 X (5-7i7)i_ ( fi _ A 
53 x (0-2)'-! X 8 024\ fs/ 8 ) 


33*028 

63“x~orirTor2(^’^''’^ - 1 ) = o-eo. 


56. The subject of Arts. 54 and 55 can be dealt with as follows by rhe aid of the 
Calculus. 
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Let dx be the surface fall in the vessel in the time dt. The ch ange of piate V 
volume in the vessel isSd»; and the discharge from the orifice is cA ^2gx*dU 

These are equal ; ^ — - — 

dx cA •^2gx 


• i S fH -i - 

• • •« — , \ X *dx ‘ 

cA ^2g J h 


2S 


cA^2g 


57. Discharge during a given time,— Del; t be the given time 
during wbioh the head changes from H to h and let either H or 
h be known. The volume discharged is S(H — h). 

From eq. (30), ^/H - v' ft = 1| “ “ J whence either H or ft 

can be determined if the other is known. 


Ex. 31. — A square prismatic basin whose side is 3 ft. has an orifice *09 ft. in 
diameter, 6 ft. below the surface. Find the discharge in 4J minutes, taking c « f r 

•/h - Vi = ; Heret = 2T0";H = 6ft.; A.»0'06S6s.ft.;S-‘9,.ft. 

2S 

... vg - Jh “ I’ * - ^ - -w. 

2x9 

« 2*449 - *477 - 1*972 ; .% ?i « 8*89. 

Discharge required is S (H - ft) « 9 (6 ~ 3*89) » 19 o. ft. 


58. Canal locks.— A lock (see skeleton diagram, figs. 40), is a 
rectangular chamber of masonry constructed at the junction of two 
canal reaches B, G, which are at different levels, its object being the 
transfer of boats from one level to the other. The difference of level 
of the water surfaces in the two reaches is termed the lift of the lock. 
The lock chamber is closed at each end by a pair of stout gates D, B, 
and neither pair can be opened unless' the water surface on each side 
c! tk" is at the same level. When full, the lock can be emptied 
by means of sluices F placed in the lower gates below the water 
surface in the lower reach, or by culverts in the side walls. When 
empty, it can be filled by culverts which take off from the upper 
reach at G, and open into the sides of the lock at H either above 
or below the water level in the lower reach. The vents are closed by 
sliding shutters. The emptying or filling of the lock does not sensibly 
affect the levels in the canal reaches. 


Suppose a boat is to be transferred from the lower to the upper 
reach. If the lock chamber is full, it must first be emptied by 
opening the sluices F in the lower gates. These sluices are then 
closed, the gates B are opened, the boat passes into the chamber 
and the gates are shut. The upper sluices are then opened, and the 
chamber is gradually filled. When it is full, the upper gates D are 
opened, and the boat passes into the upper reach, 
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Flat* V. 69. In designing locks, it is necessary to estimate the time which 
will be occupied in filling and emptying. 


Let S be the area of the water surface in the lock ; H the lift ; 
h the djpth from surface of upper reach to centre of discharging 
Cxlnce of upper sluice. Aj, Aj the areas of the upper and lower 
sluice openings. 

(1) To emjjty the lock . — The sluice being submerged, the head 

varies from H to 0. Time required is, from eq. (29), 

. 2SH 

• — - r-r; ••• 

(2) To fill the Zoc/c.— From the level of the lower reach to centre of 

sluice opening the head is constant, viz. h. 

The time to centre of sluice is therefore, eq. (6) 

u 

cAi y/2gh 

From the centre of sluice opening to level of upper reach, the 
head varies from h to 0. The time for this portion is 

m 


therefore, eq. (29), = 

cAi \/2gh 

< = «i + (, = 

cAi ^/2gh 


Hence the total time is 


(32) 


60. Three standard sizes of lock chamber are used by the Madras 
Irrigation Department, viz. 150' x 20', 105' x 15' and 70' x 10'. 
The sluices, whether constructed as culverts or gate valves, aro closed 
by sliding shutters in the ordinary way ; and the discharge may be 
considered as that through a thin plate, c = *62 *. Tho cross section 
of the side culverts is greater than that of their vents, so that the 
velocity may bo reduced to safe limits. 


Ex. 32. A lock 80 ft. by 16 ft., with a lift of 9 ft., is filled by two sluices, each 
4 ft. wide and 2 ft. deep, whose centres are 6 ft. below upper roach water level ; 
and emptied by two sluices, each 2 ft. square, whose centres are 4 ft. below lower 
reach water surface. How long will it take to pass a boat which arrives at the 
upper gate when the lock is empty, supposing 5 minutes are required to open 
and close the gates, and to haul the boat through? (Univ. 1882.) 

Here S « 80 x 15 « 1200 s. ft. ; H « 9 ; h - 6 ; Ai « 16 s. ft. ; « 8 s, ft. 


Time of filling 
Time of emptying 


S (H + /i) 


cAj ^2gh 
2SH 


f X 16 X 8^0 

2 X 1200 X 9 


92 sees. 


cA^ I X 8 X 8 X 


180 sees. 


Total time is Im. 32s. + 6w. Os. + 3m. Os. = 9m. 32.s. 


• Experiments made by D’Aubuisson tended to shew that the discharge from 
two contiguous equal sluice? is less than double the discharge from one. The 
oo*efiicient is aceordingly sometimes assumed as low as '55. 
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Eix. 33. A look 150 ft. long and 16 ft. wide is filled by means of two sluices, piata Ta 
each 3 ft. wide and 2 ft. deep, in the upper gate. The levels of the water in ' 
the upper and lower reaches, and the centres of the sluices are 12 ft,, 6 ft. and 
7 ft, respectively above the floor of the look. How many cub. ft. of water will 
enter the look in tho third minute after the sluices are opened? 1884.) 

Here S « 150 x 16 ; H « 7' ; d « 5' ; A - 12 s. ft. 

Let hiy be heads at beginning and end of 3rd minute. Time to fill to 

centre of sluices under constant head of 6 ft. is ^ 

cA^2gh j X 12 X 8*^6 

M 35*8 secs. 

•% Interval from time at centre of sluice to commencement of 3rd min. is 
120 - 35‘8 = 81’2 secs. 


Henoo 84*2 secs. 


^S_ 

cA 




2 X 160_x m 
I X 12 X 8 


(v6- 


whenoo • 1-184; hi =• 1-392. 


Again, 60 secs. 




whence 


•188. 


Discharge required « S {hi - / 12 ) = 150 x 16 x 1-204 == 2890 c. ft. 


61. Discharge through a rectangular notch.~lf the discharge takes place 
from a prismatic vessel through a rectangiil.ir notch, let t be interval during which 
the head diminishes from H to A, x be the bead at any instant, dx the surface fall 
during time dL 


Change of volume in vessel is S. dx. Discharge from notch is | cl ^2pa;3 dt. 

At- Cl 

These are equal. 

s r,i 
^ cl "Jig J;, 

t ■= . I 

cl'^2g^ ''ll 


dt ^ 

S 



dx 

2 ’ V- a 




.^cl V2paj^ 



— 3 


t 1 1 V 


dx 

S3 / - ( 2) 

2cl 


: or 

A) 

• • • • 

• • •« 

(38) 


Ex. 34.~A tank, the waterspread of which is one-fourth of a square mile, is 
provided with a kalingula 60 ft. long, which discharges with a maximum depth 
of 3 ft. on its crest. Supposing no water to enter the tank, find the time in 
which the surface will be lowered by 1 foot. (Univ. 1878.) 

„ o 5280 X 5280 7 u o i. o 1 

Here S « ;i = 60;H==3;?i» 2;c*= — .. 

4 Vs 

f M ^ V 3x5 280 X 1320 ^ ±_ _ ^ 

* cl'J^g V V/j Vh / ^3 X 60 x 8 V V 2 V 3 J 

— 54*4 minutes. 


62. Discharge from non-prismatic vessels.— If the discharg- 
ing vessel is not prismatic, the ratio of the time of emptying under 
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PiiiAe vr. variable head to the time under constatt^ head is no longer 2. 
Thus, the ratio for wedge-shaped vessels is IJ, that for pyramidal 
vessels IJ, the base of the wedge or pyramid being the water 
surface. 


To illustiate the mode of calculation adopted, the case of a paraboloid of 
revolution may be taken (fig. 41). Take the vertex as the origin. 

Let Z, r bo co-ordinates at surface level. 

Zi, fi „ orifice „ 

jc, y „ any „ 

Let the surface descend through dx in time dt. Volume discharged in time 
dt is dx. But, since tho head is a; - Zi, the volume of discharge through 

. fi 

the orifice of area A is cA ^'2^ (® — ZJ dt. Now 2/3= 


* g . , [Z « 


ekl ^^2^ 

'Jx^i “ ^ 

cAZ J 

^ 1 

1 ' 

Let —• Zj « * ; 

- 2a. 


- (^1+-'.', 2 

dz 


J » 


)-K- 

h f + 21, 


Hence t = j— 

ckl 

.SIO-'O 

1* + 9J,( 1 - 



If the orifice is at the vertex, Zj • 0; 


2 TTr^ i 
8 


(34). 


a 


Now, the volume of the paraboloid being j 7 r>’*Z, the time of discharge under 

constant head Z would be — jiL. Comparing this with (34), we see that 
cA 'v 2^Z 


2 1 

the ratio of the times is - -r - 

o d 

vessels. 


Ij, or the same as that for vvedge-shaucd 


63. Discharge from irregular basins.— The slopes of the 
baisin should be contoured, when the reservoir is empty, for each 
foot or two feet of depth, and the area of the waterspread at each 
contour estimated. The discharge from any layer lying between 
consecutive contours may then be considered as approximately that 
from a prismatic vessel whose area is the mean of the two 
waterspreads bounding the layer. 

Let 8oi ^4 (fig* ^2), be the areas of the water spreads at 

sucoessive contours of a tank; 

fcof .••••• ^4 heads over the discharging orifice ; 

tj, the times of discharge from successive layers. 
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= ai (So +^) _ 

cA \/ 2g 


h ,) ; 


^2 r=r §1 ^ (n//ii — \/h.\\ and so on. 
ckV^g 


A t == tj 4- H“ 


js,(v/A,-v^ft,) . s.(yft„-v^»;) 


+ S^(v^/t, — v'Aj) + S, (%/^j — 

+ - s/hi) j (36}- 


Ex. 35. — Find in what time a reservoir of the form given below would los© 
6 ft. cl iaptli by discharging through a cuhert in the dam, the area of the 
vent being 1 s. ft., and the co-eflficient *5; — 


Here 


Ao = 600,000 s. ft. 

Uq - 20 0 ft. 

Ai = 495,000 

hi - 18-5 „ 

Aj - 410,000 „ 

h, - 17-0 

A3 = 325,000 „ 

h^ ~ 1 5 - 0 , . 

A4 >= 265,000 „ 

14 0 ,, 


(sfjT^ - V^) * 600000 (4 472 - 4-301) « 102C00 

Sj (^/lo - '^hl) = 496000 (4-472 - 4*123) = 17-2766 

( v'/i; _ ^ 410000 (4*301 - 3-936) « 149050 

^ Jul) = 325000 (4*123 - 3*742) = 123826 

8^ ( V/13 _ y/77) == 265000 (3-930 ^ 3*742) = 51410 


600240 


t = = 150060 aeos. = 41-7 hours. 

•5 X 1x8 


64. Notch discharge from irregular basiiis.—The time of discharge can 
Ha A«timated by dividing the basin into thin horizontal layers, and successively 
applying equation (33). With the notation of art. 63, the student can readily 
obtain the following result: — 


k - k) * (^-i; - kd 

*^'ik. - kd*^‘{k.-kd\ ■■ ■ 


(38). 


65. Discharge from one prismatic vessel into another.— In 
this case, as the surface falls in one vessel, it rises in the other, 
and the effective head, or difference of level between the two 
surfaces, diminishes more rapidly than in the case of free discharge 
from one vessel. 

Let Sj, Sj be the water surfaces in the vessels B, C respectively 
(fig. 43). Let the heads at any instant be H, h. It is required to 
7 
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late VI, find the time from that instant until the water has a common 
surface in the two vessels. Let x be the depth from the onj^inal 
level in B to the common surface. The outflow from B equals 
the inflow to C, i.e. 

s, * = S, - {H-;o. 

Oi + Og 

Hence the whole discharge during the time t under a head 
diminishing gradually from (H — h) to 0 is Si a: = — ^)* 

Ol + ^2 


But this discharge is half that which would have taken place 
in the same time had the head remained constant at (H — h), viz,, 


1 

2 


xckV^g (H - fe) X t, where A is the area of the orifice. 


_2SSyE-h 
cA v/2g (Si + Sj 


••• ••• 


... (37) 


It will be seen from this expression that the time is the same 
whichever be the discharging vessel. Eq. (37) is useful in dealing 
with double looks. If the vessels are connected by a pipe, take c 
from Art. 21. 


Ex. 36.— A rectangular wrought iron tank (fig. 44), 7 ft. deep, is divided 
into two parts by a thin vertical partition. The larger part, which is full of 
water, has a horizontal area of 213 s. ft. ; the other part, which is empty, an 
area of 27 s. ft. If a rectangular orifice 12 inches wide, and 6 inches deep, 
with its bottom 2 ft. above the bottom of the tank, bo opened in the partition, 
how many seconds will elapse before the water stands at the same level in 
both parts? (Univ. 1881.) 


The discharge, until the water surface in the smaller vessel rises to centre 
of the orifice is the free discharge from a prismatic vessel. That from orifice 
centre to a common surface is the discharge from one prismatic vessel into 
another. 

Let ti„ tj be the times of these discharges respectively. 

If H be the head above orifice in the larger ' essel at end of time ti, the 
outflow from large vessel during is 213(4!^ - H). The inflow to small vessel 
is 27 X 2 J ; whenee H = 4 465 ft. 

During time ti the head diminishes from 4*760 to 4*465 ; 

'^r750- .'Ties 5 = 


2S,S.j - 0 _ ^13 

c W-i^’(s7+^) “~ixix8x240 


40-61 secs. 


Total time f + fg « 61-81 secs. 


66* If diminishes from (H — h) to (y - 2 ), we have (fig. 45), 

Tin 3 e from (H — h) to 0 is 

c\-^2jr(8jfS,) 



Time from [y - z) to 0 is _ 
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6i 


eA V‘2j (S, +Sj) 
‘2S,Sj 


ATirao from (H-A) to (y-z) ('^H - h -^y - •). 

But S| (H-i/) - 8j (* - A) ; ft + (H - y). 

Sj 

.*• Time from (Ff - /i) to (y - 0) = i « 

2SiS 

c 




cA (S,+ S,) 


1 - J' - ‘ - 1 " I ■ 


syiil- ft) - ''(S, +‘Si) 3/ - Si’^H - sVft) I • • (88). 


67 . Tliche reaults may be obtained directly as follows :— 

In the time the fall of surface level in the larger vessel is dy \ 
Change of volume is Si-rfy. 

Discharge through orifice in time dt is cA (y-z), dt. 


. dt 


hi 


..3 . But * = ft + I' (H - y). 

cA •> ig (y — 2) 


. dl^ Si X ‘ 

"dy cA-v^SgiSi + S)) I y _ Si^I + 3> I 

•*. t ~ {y -q)~^ dy = iyi '^u - q - 'f y - q | . 


— ■= p (S - 3)~^ suppoie, 


I • 


2Si'^ Sj 


cA''^ 2g (S, + S^) 


8j (H - ft) - V (S| +■ S,) y - S',H - S.^ft | • 


If the time is required to the jnstant when the two surfaces are on the 
same level, we have + 

02 

SiH + SA ^ ^ iSi 
til + 89 ’ oA ^ 2 g(Si +Sa)’ 


EXAMPLES ON CHAPTER V 

1. Knd the area of a submerged sluice lo empty a lock chamber 
120 ft. long, 20 ft. broad, and with 10 ft. lift, in 5 minutes. (Coll. 
1880.) Ans. 10 s. ft. 

2. Required the time ef filling a lock 85 ft. long, 15 ft. wide, and 
10 ft. lift, by two submerged sluices, each 2 ft. square. (Coll. 1882.) 

Ans. 3 m. 21 s. 


Plate 


3. A lock 189' X 20', lift 12' is filled by two culverts on each side 
with simple openings 3' x 3', and also by t vo valves 2' x 2' in each 
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of fche upper gates. The floois of the culverts are 6' below upper water 
surface, and the sills of the gate openings are 6" higher than those 
floors. If th® gate valves are opened one minute before the culverts, 
bow lonf^- «\ill It take to fill the lock? (Univ. 189*2.) Ajis. 2 m. 86 B. 

4. A canal lock is filled by two sluices, each two feet square, the 
sills of which are 1 ft. above the floor of the lock, and 12 ft. below the 
surface of the water in the upper reach. If the water rises from a 
depth of 6 ft. to the level of full lock in 4 minutes, what is the area 
of the lock ? (Coll. 1 886.) A^is, 1810 s. ft. 

6. A caiMil lock is 81 ft. long, 7f ft. wide, and the lift is 7 ft. 
The water enters the lock chamber through a culvert 2 ft. in cTiameter, 
the top of the orifice of which is just on a level with the water 
in the lower reach of the canal. Find the time of filling the lock, 
taking the co-efficient of discharge as unity. (Coll. 1883.) A/zs. 
2 ra. 12 8 . 

6. In what time can a lock 200 ft. long and 20 ft. wide be filled 

by two sluices, each 3 ft. square, in the gate, the water in the lock, 
the water in the upper reach, and the bottoms of the sluices being 
respectively 4 ft., ’2 ft., and 6 inches above the floor of the chamber? 
(Univ. 1875.) 4 m. 12 s. 

7. (a) A canal lock 200 ft. long and 30 ft. wide is being emptied 
by two sluices, each 3 ft. wide and 2 ft. high, the lower sides of 
which are 2 ft from the bottom of lock. In what time will the 
depth of water be reduced from 9 ft. to 8 ft. ? The depth of water 
in the lower reach is 4 ft. Ans, 48 s. 

{%) If H be the head at ihe beginning of the time, and h the 
head at the end, shew that the depth w’ould be equally reduced in the 
same time if the discharge took place under a constant head R “ 

(Univ. 1876.) 

8. A lock 150 ft. long and 16 ft. wide is emptied by two sluices 
in the lower gate each 2 ft. deep, with their centres 3 ft. above the 
floor of the lock. The levels of the water in the upper and lower 
reaches are 12 ft. and 6 ft. respectively above the floor of the lock. 
What must be the width of the sluices so that the depth of the water 
in the chamber may be reduced from 12 ft. to 6 ft. in minutes? 
(Univ. 1884.) Ans. 2-6 ft. 

9. A cylindiical vessel 5 74 inches in diameter has an orifice 
*2 inches in diameter at a depth of 16 inches below the water surface. 
It is found that the w^rter sinks 4 inches in 51 seconds. What 
is the co-efficient of discharge ? An$, *606. 
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10. The water in a reservoir 600 sq. ft. in horizontal section sinks 
4 ft. in 1 hour. The head at starting was 25 ft. Find the side 
of the square discharging orifice whose co-eflScient is *62. An$. 
2 in. 

11. A cylindrical cistern, whose horizontal section is 6 ft. in 
diameter, communicates with a second cistern 3 ft. in diameter by 
a submerged pipe 1 inch in diameter. When the pipe is opened 
the water in the smaller cii^tern is 4 ft. above that in the larger 
one. In what time will the surfaces become level? c-=*75. Ans, 
11 m. 31 8. 

12. One cistern discharges water into another through a sub- 
merged pipe having a section of 4 s. inches. The discharging 
cistern is 6 ft. square, and the receiving cistern 2 ft. square. If the 
initial difference of level be 9 ft., how long will it take for the 
water surfaces to reach the same level? c = *7. Ayis. 2 m. 19 s. 

13. Two docks with vertical walls have superficial areas of 10 
acres and 6 acres, and communicate with each other by gates con- 
taining two sluices, each 4 ft. square, with their sills at bed level. 
When the water in the larger dock has a depth of 29 ft., and in 
the smaller a depth of 4 it., the shutters are opened. After what 
interval will the water attain the same level in both docks, and 
what will then be the depth? (Univ. 1891.) Ans. (1) 2 hrs. 50 m., 
(2) 19-635 ft. 

14. A lock 150 ft. by 20 ft., with a lift of 10 ft. is filled by two 

sluices, each 4 ft. deep by 2.^ ft. wide, whose centres are 6 ft. below 
the water level of the upper reach ; and is emptied by two submerged 
sluices of the same size. Find the tipie required to fill and empty 
the lock. (Univ. 1689.) (1) 8 m. 16 b., (2) 3 m. 10 8. 
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68. Fluid friction. — When a stream of water enters a pipe or 
channel which has a fixed inclination or slope^ it is observed that 
whatever that slope may be, the velocity very soon becomes uniform, 
shewing that the force due to gravity is exactly balanced by the 
resistance to motion offered by the boundaries of the stream, and that 
the amount of resistance depends on the velocity. The nature of the 
resistance, which it is convenient to call frictional, will bo understood 
from the fact that the roughness of the boundaries sots up eddies in 
the stream, whereby the fliuid filaments cr'^ss one another, and their 
velocities in the channel line are checked. The velocity of filaments 
near the boundaries is less than the velocity of those near the centre of 
the water section. The mean velocity of all the filaments is however 
uniform, and the fluid may be supposed to flow in plane layers lying 
parallel to the cross section of the stream. 

The laws of friction between a liquid and a solid surface are the 
following : — 

I. The frictional resistance varies with the nature of the solid 
surface^ but is independent of the piesmre. 

II. For large sxcr^aces, it is proportional to the areas of the 
sill faces. 
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III. The f notional resistance varies Jor ordinary velocities^ nearly ^io.u vi 
as the square of the velocity. At very low velocitieSy not 
exceeding 1 inch fer second^ it varies nearly as the velocity. 

Let a bo the area of the surface of contact, h the resistance in ib. at a 
velocity of 1 ft pe** sec., B the lesistance at a velocity of v ft. pC” sec. Then, 

at ordinary velocities, by the above laws, R ** k.a.v\ If B ’ we have 

R - (39) 

where fx is called the co efficient of frution.~~\i% values (which do not differ 
widely from those of k), are determined by experiment. Thus, for well painted 
iron, fx « ’0019 ; for a varnished surface, jx » *0026. 

69 . Velocity in pipes.— Lot a be the inclination of the pipe to 
the horizon ; h the vertical fall in feet in length 1; A the area of the 
water section, B its wetted border ; and let the pressure be uniform 
throughout the length of the pipe. The frictional resistance varies 
as the surface, and as the square of the velocity, i.e. R =kBlv^, where k 
is some constant. The work done by the quantity of water Al falling 
through the height h is wAlh. The resistance is overcome through 
the length I The work done on the resistance is These 


must he equal, 


A h , 2gk v'^ _Ah 


- -T V — > 

w 2g B I w 


we have = where /x is the co-efficient of friction, which is to 
15 I 

be determined by experiment. The ratio g is termed the hydraulic 

mean depth (II.M.D.) or hydraulic mean radius (H.M.R.), because, 
if the wetted border were rolled out flat, and the stream spread 

over it, g is the depth which the water would have throughout. 

The hydraulic mean radius is usually symbolized as r. The ratio 
h 

^ is the sine of the slope, and is denoted by s. Hence 

/A *** *** **• ••• ••• (40) 


70. Virtual slope.— Transposing (40) we have h==: 1 as 

the head required to overcome resistance in the pipe. A further 
head hi is required to produce the velocity v, and to overcome con- 
traction at the entrance to the pipe. Let CD (fig. 46), be a pipe from 
a reservoir, discharging into air. The total head over the pipe exit 
is EG. Let BE represent }ii\ then EG is the head h required to 
overcome resistance. Join ED. Since the resistance head h is, by 
eq. (40), proportional to f, the ordinate KL^ ’ of the triangle EDG 
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Plate VI. represents the head required at any point L of the pipe to overcome 
resistance in the portion LD. Hence, if a vertical pipe were intro- 
duced at L, the water would rise in it to the level K ; and the pressure 
in the P’pe that point would be ?(;.KL. The line FD is called the 
virtual slope or hydraulic gradient of the pipe. If the pipe were laid 
along FD, it would give the same velocity and discharge, but the water 
would flow without pressure throughout. Similarly the pipe may 
occupy any line whatever, straight or curved, between D and the 
reservoir, provided that line lies wholly below the virtual slope FD. 
If however the pipe line NOD rises above the virtual slope, the pipe 
will be in the condition of a siphon (Art. 8), and should run full 
provided that OP does not exceed 34 ft. In practice however, air 
becomes disengaged from the water, and tends to collect at 0 ; for the 
pressure along the virtual slope being the atmospheric pressure, the 
pressure at 0 must be less than this. The pipe, therefore, will not 
run full. The mode of dealing with this case will be explained later 
(Art. 76). 

Since KM is the head required to overcome resistance in the 
length LD, KQ must be the head required to overcome resistance 
in LC, Now RQ is the head required to produce velocity. Hence, 
if at any point L of a pipe the total loss of head RK in the length 
OL be set off from ER, a point K on the virtual slope is determined; 
and any further interval between K and the pipe represents the 
pressure head at L. If the end D were closed by a valve, the water 
would rise in the vertical pipe to R, and the whole head above L would 
be utilized in producing pressure at L. 

If the pipe has to deliver under pressure, as is generally the case 
in town supply, set off the bead DS corresponding to that pressure, 
and the virtual slope will be FB. For an effective fire service in 
towns, DS should be from 60 to 76 ft. 


In long pipes, the head EF bears so small a proportion to the 
total head that it may be neglected ; and wo have then only to 

solve the equations = rs ; Q — Av, to obtain the velocity and 

discharge. The case of short pipes will be treated later (Art. 74). 
It must be borne in mind that the slope s in the above expression 
is the virtual slope, which is not necessarily the inclination of the 
pipe. 


71. Velocity and virtual slope.— The result (40) may be obtained as 
follows, taking the pressure into account. Consider a length of pipe CiOj « i 
(fig. 47), and suppose that in the time f, the volume C 1 C 2 occupies the position 
DjDg. Let A. be the area of the cross section of the pipe, Q the discharge per 
second. 
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Let pi, Pi be the pressures at Ci, O 9 ; fi, the heighk of these points above put# VX. 
datum. The water enters and leaves the portion of pipe considered with the 
same velocity v, so that there is no change of kinetic energy. Hence the energy 
due to gravity plus the energy due to pressure -» the energy e'spen'^ed in over- 
coming resistance. The transfer of the volume OjOj to the position is 
equivalent to the transfer of CiDj to OjDj, i.e., a weight wA (CiDJ - tc.Qt 
falls through a height 


/, Energy due to gravity- w.Qf (rj- 23). 

Energy due to pressure -pjA (GiDij-p^A (O2D2)- 

7 ^ 

Resistance of surface B./ is, by eq. ( 39 ), « 


Energy of resistance = - (CiT)i) = jjlwIU ^ vt. 

7)^ O 

Hence w. Qt (zi-Zq) + (pi-pg) Qt - fiwBl ^ L 

Ig A 




B ,oS 


But^^+ ^ ^ + «2^ is the surface fall h* 



A h 
B'T 


*> rs* 


72. Co-efficient of friction.— The co-efficient of friction /i is 
not constant for a particular nature of surface, but varies with the 
velocity. Hence many writers, as D’Aubuisson, Eytelwein, and 

Prony, haveproposed the format. = a -f^. The experiments of Darcy 

at Paris shew that, as regards pipes which have been some time 
in use, the nature of the original surface does not much affect 
the value of /t, which depends mainly on the velocity. Now the 
velocity varies as y/rs, and Darcy found that, for practical purposes, 
the co-efficient may be expressed in terms of the H.M R., or of the 


diameter of the pipe, thus ; — /i = 



where d is the diameter 


of the 


pipe in feet, /3 - - ’084 = 


1 

12 


nearly, 


a = 


•005 for new iron 


pipes, or *01 for pipes which have been some time in use. 

Hence, for new pipes, /a = 005 ^ 1 -f ... (41) 

for old pipes, /a = -01 ^ ^ + [ 2 cf) '** 

These values are applicable only to ordinary velocities exceeding 
4 inches per second, vide Art. 68 . 


73. 


Velocity and discharge.— From eq. (40), we have 
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If d be fche di<*mel5er 6f P‘P0 H.M.R. is 


md^ 

T' 


4. Trd = 


d 

V 


,% V --S ^\/ds ; and Q = ^.-y 
2 4 

The values of c for different sizes of pipe can readily be obtained 
from eq. (41) or eq. (42). Thus ; — 


Diameter of Pipe. 

Values of c. 

New pipes. 

Old pipes. 

^-inch 

d - 

66 

i 

46 

1-inch 

fi 1 

U - yj 

80 

56 

3-inch 

d 1 

98 

70 

6-inch 

d - i 

105 

74 

12-inoh 

d = 1 

109 

77 

24-inoh 

d = 2 

111 

78 

36-inch 

d=: 3 

112 

79 


The co-efficients are exhibited graphically in Plate VII. 

For rough or trial calculations regarding water mains c may be 
taken as 78. 


We have then for old pipes (since provision must bo made, when 
designing, for the pipe to furnish the required discharge after it has 
been some time in use), 

V -= 39'/d.8 — .*• ... ... (43) 

Q - (44) 

From (43) and (44), we have Q ■» ^di ; and 

I X 4 

d = ‘2545N/^’ (46) 

s 

From these equations, if any two of the quantities d, s, v, Q be 
given, the other two can be determined. 

To solve for a new pipe, eq. (43) becomes d = 55 \/d7, whence 

d *2220 y; so that the effect of doubling the co-efficient of 

friction fx is to increase the diameter of the pipe requisite for r. given 
discharge by only nl^oit 13 per cent. 
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fhe following are the maximum velocities j^^rmissible in main Fi»t« vxr* 
and distribution pipes. 


Diameter in inches 

4 

8 

12 

15 

24 

36 

Velocity in ft. per sec. ... 

2-5 

30 

3-5 

40 

6-5 

6-6 


Ex. 87.—(a) What will be the discharge from a pipe 4 ft. in diameter, and 
one mile long, having a (all of 1 in 6280, and a head of 11 ft. over the centre 
of its inlet orifice? 

(6) To what extent must this head be increased in order to double 
the discharge? 

(c) How many pipes 1 ft. in diameter would give the same dis- 
charge as the 4 ft. one? (Univ. 1883.) 


(a) V ^ 32 JJi 


Q 



39 

?? 

7 


“ 440 “ 

16 

" T " ‘'fiO 


39 

490 3 

“ 7ff5 “ **“• 


65 

When the pipe is now, the discharge will be ^ x 49 

d9 


69 c. ft. per sec. 


[b) The discharge is proportional to the velocity, and the head 
varies as the square of the velocity. Hence to double the discharge, the head 
must be quadrupled. 


(c) Q varies as d^. Let Qi be the discharge of a 1 ft, pipe. Then 

Qi“ (I'l’Q- A Q. so that 32 12-mcu pipes would be required. 

\4 / 32 


Ex. 33.— Find the diameter of a pipe 12,100 ft. long with 9 ft. head over 
its lower end, required to deliver 10 gais. per head in 6 hours to a population 
of 400,000. (Univ. 1886.) 


Q 

d 


400,000 X 10 xi 
~6 X 60~x 60~ 


800 ,, 9 

mob- 


- 4- 17 ft. ot 60 inches. 

9 


A new pipe giving the required discharge would have a diameter of 


2220 

2546 


X 60 


44 inches. 


If greater accuracy be desired, or if the pipes be small, 
expressions 

we must use the 

v-v'f rs-^i vs 

(48) 

"-■O' ■ 

(47) 

Q-^f. 

(48) 
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,Ate VI If <2 and 5, d andt\dand Q, orn and j be given, the other tiVo quantities 
can be at once obtained. If however s and Q are given, which is the usual 
practical problem in pipe design, d must be determined by approximation. 

The approximate equation d - *2545^^^ will, on being solved for d, furnish 


a sufficiently near value of fi. Then Q = '^d'^ whence d* — 


Ex 39. —Take Ex. 37 « *01 


22 X 16 


13 

V • 02 ( 




2/i 

0102. 


3^ 

■0204 


X 4 X ^ - 47*46 0 . ft. per sec. 


El. 


' 7x4^ *0204 440 

40 .— Take Ex. 38.— By the approximate formula, we get d m 4*17 i 


•01 




• 0102 . 


d3 




/800\« 

\277 


X *0102 X 


ar 


12100 

9 


; whence d * 4*14 ft. 


Ex. 41.— A 4*inch branch main (fig. 48), laid along a street, supplies water 
to each house by means of a J-inch lead service pipe. The highest point of one 
of these service pipes, 72 ft. long, is 34 ft. above the main. If the pressure in 
the main is 16 J lbs. per square inch, what delivery in gallons per minute may 
be expected from the top o the service pipe ? How many houses would the main 
supply? 

154 X 144 


Head in branch main is ? 

w 


62i 


86 ft. 


Virtual slope of service pipe is - 
72 


1 

36 


in. 


TTd^ 


16 


ft. fi - *01 


(. . . «. . - . 


'16 


- 63 . 




22 1 ^ 
28 ^ (16)5 ^ 


/ixi. 

2 /V 16 36 


Whence discharge per minute » *203 c. ft. « IJ gals, nearly. Number of 
houses supplied, i.e., number of service pipes J-inch in diameter which will 
give approximately the same discharge as a main 4-inches in diameter, is 

(4 « 65 . 

74. Short pipes.—Ii^ short pipes, the head required to produce 
velocity and to overcome the contraction at entry must be taken into 
account With the usual cylindric entry (Art. 20) c = *82 ana Cf = 1 
Cv = -82. Hence if v be the actual velocity in the pipe, and A' the 
head repaired to produce this velocity and to overcome the resistance 

of entry, t; = '82\/2gh', k' = 1*5 

The head required to overcome resistance is, from eq. (40), h 

EenoeR = h + h' 

^ dig 






ig.Ed 


5d + 4/ ,l 


(49) 





61 


Ihe actual velocity may be calculated from !his expression ; or puu v* 
we may proceed thus : — The velocity, and therefore the discharge is 
proportional tov/H. To find the velocity in ? given pipe, assume 
the velocity to be estimate the heads required to produce u and 
to overcome resistance, and sum these heads. Then 


^ — / ) actual head j 

^ € estimated head S * 


Ex. 42.--Find the discharge of a 12-mch pipe, 15 ft. long, with a head of 4 ft« 
Assuming the velocity to be 10 ft. per sec., 

(10)’ - (39)’ d, - 1521 A; h - = 0-99 


h' - ( 1 * 8 ) ^ 


3 ^ 100 

a w 


Total head 8*33 ft. 


But the actual head is 4 ft. ; »*• actual velocity 


Q = 10-95 - 8-6 c. ft. pet see. 

4 7 4 

Observe that in this example the head required to produce the 
2*34 

velocity is or 2*4 times the head required to overcome the 
resistance. 

If all resistances were neglected, the theoretic discharge from the 

pipe under a head of 4 ft. would be (Art. 14), \/ 2gh = 12*5 c. ft. 

per sec. Considering the pipe, whose length is 15 diameters, as a 

simple orifice, the co-efficieac of discharge is c = — = 0*7 nearly. 

12’6 ^ 

Compare this with Art. 21 . 


It will be seen from eq. (49) that if the pipe is a long one, the 
first teriii of the denominator is very small compared with the second, 
and may be neglected. Since the velocity in water pipes generally 
ranges from about 2 to 5 ft. per second, the greatest head which 

can ordinarily be utilized to produce velocity is 1*5^^^ = 0’6 ft. 

nearly. This head is, in a long pipe, small compared with the total 
head. 

If the entry is bell-mouthed, the co-efi5cient of discharge for the 

orifice may be as high as *97, so that V = !• )8^ . 

2g 
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75. Siphon .jiuice.—- This consists of a bent iron tube ODES* 
(fig. 49), by which water can be discharged over a tank bund or canal 
bank. This type of sluice is in use at the Nagpur Waterworks, and 
it was proposed for the Periar project* to carry ofif the supply water 
during the construction of the masonry dam. A siphon tube upwards 
of 6 ft. in diameter was designed for this purpose. It will readily 
be seen from fig. 49, that the effective head is the difference of water 
levels in the discharging and receiving basins. Suppose a depth of 
34 ft. of water to be substituted at G and P for the air pressures at 
those points, the siphon becomes a submerged orifice, and the effective 
head is the difference between the imaginary water surfaces, which 
is equ“^ to the difference h between the actual water surfaces. It 
is obvious from this that the velocity and discharge are unaffected 
by variations in the height CD of the bend above the upper water 
surface, provided always this height is less than 34 ft. The siphon 
can be put in action either by exhausting the air or by filling with 
water. When in action, the air disengaged from the flowing water 
tends to collect in the bend, and an air vessel must therefore be 
provided in order that the full discharge may be maintained. 

The use of siphon surplus weirs has been proposed for tanks and channels. 
Directly the water rises above the lower margin of the bend, the siphon dis- 
charges as a simple weir with a head due to the depth of water on that margin. 
When the water reaches the upper margin of the bend, the siphon acts as such, 
the head and therefore the discharging power being limited only by the length 
of the outer branch. 

The term sijphon sluici is sometimes applied to a culvert, having 
the bend downwards, and carrying water under the bed of a channel. 
This is not a true siphon. 

Ex. 43.->Estimate the discharge of a siphon 3^ ft. in diameter and 240 ft. 
In length, the difference of water levels being 12 ft. 

Assume the velocity to be 10 ft. per sec. Then (10)* « (39)Vs» 1621 x 8J x 
Resistance head h • 

lo«l X 7 

Velocity head V - 1-6 x - - | x - 2-34 ft. 


Total head - 6-86 ft. 

But actual total head is 12 ft. A Actual velocity « 10 

Q m Au « ? (3})* X 18‘23 » 127 o. ft. per sec. 

4 


• Selections from the Re ords of the Government of India, P. W.D., No. CCXV, 

1886. 
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76. Inclination of pipes.— in practice, pip^*’ must follow the 
section of the ground in i^hich they are laid, an^ must therefore be 
in segments laid at various slopes. Suppose a/ given discharge is 
required at the end of the pipe. If the diameter of the pipe is 
uniform throughout, the virtual slope is practically a straight line, 
whatever be the slopes of the pipe segments; for the resistance 
heads are proportional to the lengths, i.e., very nearly proportional 
to the horizontal projections of those lengths. If however the seg- 
ments have not all the same diameter, each has its oWn virtual 
slope; for the discharge varies as i.e., as .% s varies as 


1 

35 


if the discharge is constant. 


Hence with a pipe whose segments 


are of given length and diameter, it is possible to determine the 
virtual slope of each segment, so as to give a constant discharge, 
the pipe running full throughout. If each segment begins and ter- 
minates on its own virtual slope, the intermediate poition may either 
coincide with the slope or be below it. On the other hand, if the 
actual pipe line is fixed, the line may be divided into segments, and 
the diameter of each segment determined so that the hydraulic 
gradient of each may commence and terminate on the pipe line. 
The latter case is the ordinary practical problem. 


Let CDEF (fig. 60), be a pipe line following the ground section. 
The virtual slops for the whole pipe, supposing it to be of uniform 
diameter, would be GF; but the point D rises above this slope, so 
that air would collect here, and the pipe would not run full. Hence 
the diameter of the portion CD must be calculated for the slope GD. 
For the remainder of the pipe, DF may be taken as the virtual slope, 
since the whole of the portion DEF is below this line, and the 
diameter be calculated for this slope. Or, the portion DEF may be 
divided into two or more segments as DE, EF, and the requisite 
diameters calculated for the slopes DE, EF respectively. When 
a diameter has been fixea for any slope, that for any other slope 
can readily be found, for 


Q oc ds, and Q ©c 



(50) 


Ex. 44.— A pipe 2 ft. in diameter has a fall of 1 in 1000 for half a mile, after 
Which it falls at the rate of 1 in 260 for a quarter of a mile. If the level o! 
the water in the supply cistern stands at 6-13 ft. above the centre of the pipi 
at the upper end, what will be the discharge per minute ? (Univ. 1881.) 

Let CDE (fig. 61), be the pipe line, The heads over the points C, D, E atfc 
7*7 ; and 18-05 ft. The point D rises above the lean gradient PE. HehfO^ 
l^h'e Ijir^dient FD rej^ dates the discharge of the whole p pe. 


Plat^ 



TO. 
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/7-77 X 3 


•>9*4 0 . per boo. 


•*. Disohftrge per }iinute « 564 c. ft. 

The segment DE does not run full, and might advantageously be made ol 
Bmaller diameter, so that its virtual slope may be the same as its actual slope, 


’ *** ^ ^ inches. 


Ex. 46.— -A pipe is Ja’d from a service reservoir along the ground, with a fall 
of 42‘8 ft. in the first mile, and 23*5 ft. in the second mile. The head over the 
centre of the inlet end of the pipe is 10 ft. What diameter should be given to 
the pipes in each mile, in order that the discharge may be 286 c. ft. per minute? 
What would be the pressure per square inch at the end of the pipe when dis- 
charging freely, and when stopped by a plug ? (Univ. 1882.) 


In this case, the whole of the pipe lies below the gradient PE (fig. 52), and 
might therefore be of uniform diameter throughout. The question however 
requires that the diameters shall be different in the first and second miles. 

The virtual slopes will be PD and DE, i.e, and 

For CD, we have d = *2545 *» where Q ■» 3*933, $ • 

d * -2545 (39*33)^ « 1*11 ft. Say a U-inch pipe. 

For DE, we have ** ® 16-inch pipe. 

If the pipe is discharging freely, its end E is on the virtual slope, and the 

pressure is therefore (neglecting the atmospheric pressure, vide Art. 7), zero. 

If the end E is stopped by a plug, the whole of the head 76*3 ft. produces pres- 

, . wh 62*5 X 76 3 oo , lu 

sure, and the pressure pet square ir.ch is --- = « 33’1 lbs. 

144 144 


77. Minor Losses of head.— Small losses of head are caused by sharp 
elbows or curved bends in the pipe, and by sudden enlargements or contrac- 
tions. 

E/ftows.— The loss of head at elbows is due to a contraction in the stream 
(fig. 63). If 0 be the angle formed by the bent portion of the pipe with the 
prolongation of the original portion, an empiric expression for the lob» of head 


Bends.— The Iosb of head at bends (fig. 54), is due to a similar cause. Weisbaoh’s 
empiric expression for the loss of head is h = ^ 0*13 - ^ ^ ^ 

is the ratio of the radius of the pipe to that of the bend. 


Enlargements.— yi hen a sudden enlargement occurs in a pipe, eddies are 
produced which dissipate energy, and cause loss of head. U v, be the veloci- 
ties in the small and la* ?e portions of the pipe (fig. 55), every pirticle of 
weight w, moving with v locity v, impinges on a body of water of weight Wj, 
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moving with velodly Wj. The ^uid being incompresstbiv ''4nd therefore ineleftlo, 
tli Tfclcoity alter impact is m •• 

. w + Wi 

Energy before impact " ^ 


after 


' (w + Wi) 


A of energy « w + wi ^ - (vv + Wj) ^ ~ 

2y 2(7 ' 2^ w + wi ap 

Ixov*- wi£ iuJefinitely small compared with wi, Loss of energy - Wi (g T . 

2gf 

/♦ Loss of energy per c. ft. of water » w and loss of head 

2p 

h m (irJgil!. Hence the loss of head is the head due to the relative 

■ -9 
velocity. 

(iet di be the diameters of the smaller and larger portions of the pipe# 

f I 9 

If (or instance di •> 2d, we have h » 9^. 

2g 


Oonlraciiont.—A contraotion'of the stream occurs within the consiricted section 
of the pipe as shown in hg. 56. If A be the area of the smaller portion of the pipe, 

the smallest stream section is e^A, and the velocity at this section is . 

CeA Cg 

Hence the bead lost by shock is ^ ^ \ - v i or / - - . The value of the 

2yj\cc/ S \^e J^g 

CO ciTiclent of contraction appears in this case to be about *6, so ibat the lose of 
head h ** *44 

2y 


Ex. 48.— A line of pipes 4,000 ft. long is to be laid from a Ecv lce reservoir. 
The fall in the first half of the length is 20 ft., that in the second half 15 ft., 
and the minimum head of water in the reservoir over the orifice is 5 ft. There 
are 8 horizonL^fi elbows of 30 ®, 4 of 40®, and 4 of 60®. The dischargo required is 
iOO c. ft. per minute. Finu the head required to generate the velocity of entry,; 
and to overcome the resistance of the elbows. 

We rust first find an approximate value for the velocity. 

, - il - . Q - 5 0 . «. pet leo. d - ’SSIS V^? “ 

* » 3D X “ 2' 18 B. per sec. : or i»y i B. 

V ' i' 100 

Loss of head for velocity of entry • 1*5 - . 

» „ elbows- ‘."i^8 8m«80’ + iBia*40’ + 4«mn0*^ 

.. Total !o8I - (3 + -16 +X M + 8-44) - ’S* tt., or 8 iQc),«|. 

0$ X 4 

8 
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78. Branched .nain supplying two or more service reser 

voirs.— Let the pipe CD (6g. ^§ 1 ), from the main retei voir 0 , supply 
the service reservoirs E,F By the branch pipes DE, DF, Let Qi, Qg 
be the d’schar^es required at B and F; then Q « Qi + Q3 is the 
discharge of the pipe CD. The height of water in a p^’essure column 
at D must bo below 0 in order to seonre flow in CD, and above E 
to secure flow in DE. Within these limits, assume any convenient 
head DK. Then the virtual slopes of the three pipes are CK, KE, KF, 
and the disohargos Qj f Qj, Q^, Q| are known, whence the diameteig 
can be calculated. 

Sx. 47.-‘The depths of the point! D, E, snd F (flg. 57|, b«Jow w-tler gur- 
iioo of reservoir ftro 18 ft., 10 ft., an I 35 ft. The lengths of the segmenU 
fti! SOO yds., ICO yds., tod 250 yds. A dig’^harg! of 60 gall, par mia. is required 
•t E, and 120 gals, at F. Design the pipes. 


Qi « 'IC 0 . ft. per see. ; Qj - *82 ; Q n *18. 

AMumo DK = IS U. Th.n . - ,, . 

d « ‘2545 • '2545 yiFfi • '636 i.f. a CJ inoh pipe* 

d) • *2545 -15 « ’SOI U. a 4-inch pips, 

d, • *2545 lys 34 dn h. a l-lnch pipe, 

79. Pip88 not riuming full.- -If a pipe does not run full, a 
aondition which is possible only when the pipe lies on its own virtual 
d 

slope, the H M.R. is not |» but mUf‘i be expressed in general terms 


•9 g, where A is tlio area of the ^Y’ator section, and B the wetted 


aro. The cKschavge varies as A ^ \ , •.!.! as l^o\y, it will 

re.rdiiy be seen that as the water l<wel descends from E towards 
CD (fig. 5 S), the aro diminishoB at • more rapid rate than the aioa 
does ; in fact, up to a certain limit, J diminiehes faster than does. 
It can bo shewn that the maximu n discharge is given when the 
angle COD is about 51 ®. 


Ex. 48.— Tbo dischargo from a full pH>e In diameter is 597 0 . ft. per 
minute; find the discharge ^Yhen thedeptu of water is 19 inches. (Univ. 1880.) 

Let f be the radius of the pipe; A, B ihi area and border when the pipe 
tuns full ; Ai, Bi similar quantities when th., pipe tuns partly full. 

A « TT}^ « 3*14 X 100 « 814 i. in. D 8vr • 20 X 8’U « 62*6 in. 

If L COB « 0, arc OED -r.20 ; .% « 2r (» • 0) 

The seotor COD « 9rt, andlUs k&angU COD sin 0 00 s 0. 

A Segment CED • (0 - sin 8 cos 8) , /, Aj • r* (r - 0 + sin 0 cos 0). 

In present case, OF )p bi 10*'; eoe 8 - ‘f - coi 25* 50', 



H416«'4#l! .•.*-*-’•690. 

Bj - 2r (r - 9) - 20 X 2-690 - 68'3. 

4 j „ ,s (, _ 6 + sin 0 cos 0) - 100 ^'2690 + j » 30a-C, 

(SI)*-® 

A 3 

To find tbo maximum \aluc of 0, ba^c - - a maximum ; or if, tt - 0 • 9u 

B 

(Oj - sia 01 cos Oj)^ • . 

« ‘ i-'- isamax.mun. 

(^1 8iti0| o oa0i)^ ^ - cos^Oi + b1ii^ 8]) ~ (Oj - sin0| cos0j)^ 

<i0i 01* 

(01 - sin 01 C 08 0i)5 j 601 ain^ 0, — 0i + sin 0i cos 0i } • 0. If 20; » 

34, - I + -I'ii - 0; 2<i. - 84 COS 4 + sin - 0. 

J A JL 

Whence, by liial, 4 - SOG® ; /. 20 = 54*". 


80 . DoptxlVs EqiWtloil*— making approximate cafculations regarding A 
tong main ooaairaoied in legmeaf^ cl different lengths, diameters, and slopes, 
it is sometimes convenient to deter:, ue the length of the equivalent uniform 
main of given diameter which would have the same total resistance head for a 
given discbai'ge. 

Let /i, fj,.. he the lengths of the segments, eii, (i 2 ,.. their dUmeters, Si, s^,,* 
their slopes, Vj, Vj,.. their velocities, /, i, 9,v, the length, diameter, slope, and 
Telocity of the equivalent uniform main. 


il n* 


Resistance head In anifonn main k m $l m , 

i Zg 

^ ^ eegmohta * - a,/i + s^f, .f . » , , 


. «i% «»•* . 


.’.j. - I' v\* + j 0/ + •••• But »i - •• 

•* J ^ y • ^~A ^ * *• 

i 4, di* d, d,* 

•• •• •• 


ai) 


Bl. JetS.—'Wh®!! issues from a small orifice under pres- 
lure, it forms a job, as in the case of an ornamental fountain, or a 
lirc-engino. In order that a jet, supplied by a pipe, may ascend to 
tho greatest height, tbe pipe adjutage should be of a form which 
gives a high co-effioiont of velocity. A<5oaieaiIy convergent adjutage 
is tho form of no2zlo usually applied to the conducting pipe, and 
thf .'9 ^ould obviously be no sudden dimiaution of diameter at; tho 
|nnoik>n of tho pipo and noselo. 


Flat# vm 





Let V bo the v /*ooity of efllux, Vi the velocity ia the ooaduoting 
pipe, d the diameter of the nozzle, di the diameter of the pipe, li 

its length. Then Vj — 

The he^J required to produce the actual velocity of discharge id 
T{i 0 head required to overcome resistance in the pipe Is 

/u ( ~ y Noglccling any small losses of head due to bends, or 
to the resistances of the orifices of entry and discharge, 

head n = ^ ^ 1 q- I . Height of jet is 




It is obvious from this expression that, to obtain a great height 
of jet, dj should be large as compared with d. The equation (52) 
requires correction for the resistance of the air ; and the actual height 
of the jet may be taken, according to Weisbacb, as h (1 — *003^*). 

Ex. 49.— A 2-inch pipe for a fountain is 350 ft. long. If the available hca^l 

is 30 ft., find ihe height to which a half-inch jet from a well formed coned 

U' zzle will ascend. 

Here H - 3C (t., = 350 ft . d, > Ift., d » / ft., ^ - -01 fl + ,4^\--015. 

i) 21 \ I'Aai/ 

fc 20 ft. Act lal height « 20 - -003 (20)'?= 13*8 ft. 


( 4 )» i- -015 X 4 X 350 K 6 


EXAMPLES ON CHAPTER VI. 

1. What is the hourly discharge in gallons of a pipe 4 ft. in 
diameter running full with a fall of 1 ft. per mile ? (Coll. 1884.) 
An$. 304,500. 

2. A tov/n of 200,000 inhabitants is to be supplied with water 
from a reservoir 1 mile distant, and it is stipulated that one*I''’lf of 
the daily supply of 30 gals, per head should be delivered in 8 hours. 
What must bu the size of the pipe to furni.^h this supply, supposing 
that the head of water above the outlet of the pipe is 13J ft.? 
(Coll. 1883.) Ans. 30 in. 

3. A pipe discharges 2,250 gals, per min. with a fall of 4 fl. 
per mile. Find its diameter. (Coll. 1885.) Ans, 27 in. 

4. A horizontal pipe 1,000 ft. in length and 6 inches in diama* 
ter internally, leads fror . a reservoir which is kept constantly* full, 
the surface of the wate being 10 ft. above the ar is of the pipe* 





Ali what rate will the i water be discharged uhrough the pipe; 
(Univ. 1865.) Ans. 0*54 o. ft. per s. 

6. Calculate the diameter of one large main to convoy the same 
quantity of water as three mains each 2-5 ft. in diameter, with a 
length of miles and head of HO ft. (Coll. 1885.) Ans. 47 in. 

6. What must be the diameter of a pipe to discharge 30 'o. ft. 
per second with a fall of 1 in 100 ? With a pipe 2 ft. in diameter, 
what fall must be given in order that the discharge may be the 
same? (Univ. 1874.) Ans. (1) 30 in. (2) 1 in 33. 

7. There are two proposals for a water scheme; end for a 
double lino of pipes of equal diameter, and one for a single line of 
pipe. Supposing the larger pipe to have one-fifth greater thickness 
of metal than either of the two smaller pipes, compare approxi- 
mately the weights of the pipes required in the two oases. Ans. 1'26 
to 1 . 

8. The discharge from two pipes each having a fall of 2 ft. per 
mile is 28 8 c. ft. per sec. Find their diameters, the diameter of 
one being double that of the other. (Univ. 1876.) Ans. 53 0 in., 
2G'5 in. 

9. What will be the discharge in c. ft. per minute at the end 
of a service main 1 ft. in diameter, and 2 miles long, having a fall 
of 10’2 ft. in the first mile, 23'5 ft. iu the second mile, and a head 
of 3 ft. over the centre of its orifice of entry ? By what amount 
must this head be incroaseu in order to double the discharge? 
(Univ. 1882.) Ajis. (1) 92 c. ft. (2) 39 6 ft. 

10. A new 40 in. pipe is to be laid from the Eedhills to Madras, 
a distance of 32,000 ft., and is to give a discharge of 10,000,000 gals, 
per 24 hrs. Level of water at Redhills 51'50; level of pipe at 
Madras 3-50. Find (1) the loss of head due to resistance in the new 
pipe, (2) the pressure ,jer sq. inch at the Madras end ®f the pipe. 
(Univ. 1891.) Ans. (1) 13-9 ft. (2) 15 lb. 

H. A pipe main 4,800 ft. long is to be laid with a fall of 1 io 
i92, and is required to deliver 3,250 gals, per min, at a pressure 
of 1& Jb. per sq. inch. The head over the inlet oHfice is 10 ft. 
What should be the diameter of the pipe ? (Univ. 1890.) Ans. 24 in. 

12. A siphon discharging over a channel bank is 60 ft. in 
length and 12 in. in diameter. What will be its discharge when 
the effective head is 6 ft. ? (Univ. 1890.) Ans. 7'7 c. ft. s. 
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82, Flow of water in open channels. — Tba flow of water in 
an open channel is similar to that in a pipe laid at its own virtual 
slope, t.e., with free upper surface. The velocity varies from point 
to point of the water section, being least in the vioinity of the 
boundaries. The mean velocity ol all the filaments in a length of 
channel of uniform section is however uniform ; and the flow may 
therefore be supposed to take place in plane layers parallel to suc- 
cessive cross Sections. The remarks and investigations of Articles 
6S, G9 and 71 are thus applicable, and we have 



where r is the hydraulic mean depth, s the slope of the watep 
surface, and c a co-efEcient which depends on 

(1) the roughness of the boundaries, 

(2) the form of the water section, 

(3) (to a small extent) the bed slope. 


The second condition is introduced to modify the error due to 
the neglect of the variation of the velocity from point to point of 
the section. In aitifioial channels, to which we shall at present 
confine ourselves, the section and bed slope are generally uniform, 
80 that the depth is constant, ».e., the surface is parallel to tht bed, 
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In rivers however this doe' nob hold good, an'* the depth varies piat<» vrr 
with every ohange in either the width or the bed slope. 

If the bed is not parallel to the ifrater surface, ai is he case ia the vicinity 
of obstructions, the effective fall of every filament is still thil of the water 
surface. Let CD (fig. 59), be a filament whose extremities are at depths zy, s.j 
below the surface, and let k be the surface fall in the length CD. The actual 
fall of CD is (jf-j + h) - The pressures at 0 and D are u'zi, re.»)cctivcly, 
so that the difference of pressure head is Zi - z.^. The effective fall is the ttUm 
of these beads, vis. (^j + - Z]) + («i ~ ii) ** 


83, Co-efflcients.-~Tii0 experimants and investigations of' M. 
Bazin shew that the co-efficient (neglecting any slight variation 
due to the longitudinal slope), may be expressed in the form fisa 


a 



, where r is the H.M.D. of the water section, and a and 


ire quantities depending on the nature of the boundaries. Dividing 
all channels into four classes, according to thoir roughness, the 
values of a and /3 are as follow.*^' 

a ^ 

I. Very smooth channels cement, planed [ lanhs ... *003 *1 
II. Smoolli channels ashlar, brickwork . ... '004 *2 

II [. Hough channels rubble masonry, stone pitching *005 *8 

IV. Very rough channels : -oailh -COG 4 0 


ICx. 50.— A cemeut plivstered channel has a U M.D. of .0 inches. Find the 
value of c, 

fi - ’003 (l + - '0036 i « - - .cc “ 133. 

The co-efficieuts of all (our classes are shewn graphically in 
ri. IX. 

TliO fou-'th class of channels ia that with whicli wo have 
geneialiy to deal. Tlie values of c for this class are here luLulaltd. 


CG-eJftcicnts for Ear that Channek, 


II.M.D. 

c 

H.M.D 

e 

II. M D. 

c 

0'25 

25 

3 0 

6S 

6 5 

81 


84 

3*5 

71 

7’0 

63 

0 75 

41 

40 

73 

75 

84 

10 

4G 

4-5 

75 

bO 

85 

1-5 

51 

50 

77 

S’5 

85 

2*0 

GO 

5-5 

79 

90 

: 86 

25 

64 

G-0 

80 

10 0 

88 


• Note.— Bazin’s values for a are carried to five decimal places, and those for 
)0 to two ; but as it is desired here to give figures which can be borne in mind, 
thesa values have been roundad ofi. The table above is calculated for the true 
values r : a and fi, which will be found fivea in Flair IX. For • more com|^lete 
table, see Appendix I* 





HTDBAULIOf 


PMU X 


Bazin’s oo*efflo*:at8 are not applicable to large rivers. For such 
channels Eutter’s formula for the value of 0 in the expression 
pm c ^rs should be ised. The formula is^ 


I- 


41.6 + + '00211 

N s 


1 + 


(«-6 + Mi) 


Z 

y/r 


where I is the longitudinal slope, and N is a co*e£Bciont of rough* 
ness, some of whose values are— 


Fine plaster -010 

Ashlar and brickwork *013 
Kubole masonry ... *017 
Firm gravel *020 


Rivers and canals in 

good order *023 

Do. in fair order ... *030 

Do. in bad order •035 


This formula is suited to streams of all sizes, from a tiny 
rivulet to the largest river, but cannot conveniently be used with^ 
out the aid of tables. Values of the co-efficients are given in 
Appendix II and a selection from them is shewn graphically in 
Plate X.* 


For artificial channels, such as are dealt with in this chapter, 
Bazin’s co-efficients are suitable, ar«d arc employed in the examples, 

84 . Two classes of problems present themselves, the direct and 
the inverse. In the former, the dimensions of the channel are 
given, so that r is known, and the proper co-efficient can be 
determined. In the latter r, and therefore c, is unknown, and 
WG must proceed by approximation, Before solving examples hoW’ 
ever, allusion must be made to the ordinary forms of channels. 


85. Channel section.^Eailhcu channels are trapezoidal in 
section. There is a flat bottom, which may vary in width frotu 
1 foot for small distributaries to ISO feet for the largest main 
canals, and there are sloping sides, the inch ration of which depends 
chiefly on the angle of lepose of the earth. The inclination is 
frequently made 1 to 1, or to 1, in the first instance; but 
with the lapse of time there is a tendency for the side slope.- ^0 
wear steeper, and to approach perhaps | to 1. Generally, if the 
side slope is » to 1, the bottom width b, and the depth d, wa 
have the area of water section A — (6 -f- nd)d, and tho wetted 
border B = 6 4* 2dy/n^ 4* !• The depth may vary from a few inches 
to 10 or 12 feet.t 


* Plotted from Jiokion’s Cftn»l and Culvert Tables. W. H. Allen, 1884. 
t A canal at Holyokf os the Connecticut river has a depth of 22 i ., and 
Widtb UO ft. 
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Masonry qhannels, as aqueducts, are ^.^erally rectangular, 

or nearly so, in section. Channels cut in rock, or executed in 
concrete, may be semi-circular, this being the ncost economical form, 

86. Discharge of channels.— If the velocity and discharge of 
an existing channel are required, its section and incarnation are 
measured, so that h, d,ny and s are known. The proper \alu0 of c 
can then be determined, and the velocity v, and discharge Q ascer- 
tained. 

Ex. 51. — An earthen ohannel has a bottom width of 6 ft., side slopes 1 to 1, 
depth 3 ft., and inclination 1 foot per mile. Find the velocity and discharge. 

Here A « (6 + 3) 3 • 27 s. ft. ; B « 6 + 2 x 3 V 2 « 14-6 ft. ; 

27 
14-5 




1 * 86 . 


•006 




^1 + J ® * /\/" “ (Its true value^as taken from 

the table, Art. 83, would be 60). 

Q B Av «■ 28*9 0 . ft. per seo. 


X « 1'07. 

5280 


Ex. 52.— What would be the discharge of the above channel if the sides and 
bottom were pitched with rough stone ? 


Here ^ » *005 
^ 94 


94. 


57 


X 28*9 =» 47*6 0 . ft. per seo. 


Ex. 53.— What would be the discharge of a semicircular ohannel plastered 
with cement, whoso cross section measures 27 s. ft., and whose inclination is 

1 ft. per mile ? 


Let d be the diameter ; = 27 ; 

8 


8-8. H.M.D. - ? 


2-08. 


M » 003 ( 1 + = -003; . = 146. 

' ^ Q " Av = 78 0 . ft. pergeo. 


146 


87 Design of trapezoidal channels in earth.— We have 
thtee equations : — 

U C y/ T$ ••• ••• ••• ••• ••• 

Q ~ At? ••• ••• ••• ••• ••• 




... ( 66 ), 


where A = (6-f- 7 id)d ; r — 5 ^ qd ^ ^ ~ 

of tha seven quantities h, d, n, s, c, v, Q any three can be deter- 
rnined if the rest are given. The v^lue of c expressed in terms of 
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b and d is so comp’wX however, that it ca mot he conveniently sub- 
stituted in the other equations except in a numerical form. We 
may therefore divide the oases which can occur into two classes, 
one in which the data permit of o being determined directly from 
eq. (56), the other in which they do not. The first class can ba 
solved w'.ihout difiiculty. The second can bo best treated as 
follows : — a value of c is assumed, the channel dimensions are calcu- 
lated, the H.M.D. found, and the corresponding value of c deter- 
mined. If it agrees with the assumed value, the solution is 
complete; but, if not, it serves as a guide to a second assumed 
value, from which the channel dimensions must be recalculated. 
The do..:gn of channels is facilitated by the use of Tables, as 
Higham’s or Jackson’s, * or those given in the Appendices. 

Having thus isolated eq. (66), there remain only two equations 
to deal with. The quantity n moreover is always given, since it 
depends on the nature of the soil. We have therefore five quanti- 
ties, b, d, s, V, Q, any two of which can be found, if the other three 
are given. There are thus ten cases which can occur, the first of 
which has been already dealt with in Art. 86. In five of these 
cases the breadth and depth are either given, or are immediately 
deducible from the data ; and the value of c is consequently directly 
calculable. In the remaining five, c must be obtained by successive 
approximation. 


Class I . — 0 directly 
calculable. 

Given, 

Kequired. 

b d s 
b d Q 
b d V 

d Q V 

b Q V 

Q V 
a V 
a Q 
a b 
a d 


Q V a 

b d 


Q s d 

b V 

Glass II . — 0 to be 

Q s b 

d V 

assumed. 

V s d 

Q b 


V s b 

Q d 


Ex. 54.— A main canal is to have a discharge of 2,600 c. ft. per sec., with a 
velocity of 2*5 ft. per sec., and a depth of 5 ft. The side slopes are 1 to 1. Find 
the bottom width and the fall. 


• Hydraulic Tables for open Channels, by T. Higham. Spon, London, 187'.. 
Of^ual and Cphert Tables, >y L. d’A. JackBon, W. A}len Londpn, 1884, 
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A - § - 1000 8. ft. Mean - width - 4 - 200 ft. 

V j o 

Bottom width 6 - 200 - 5 = 195 it. B = 195 + 10 ‘'2 - 209-14. 
f ■■ *" 4'18 i whence p. a. -Oil, and e«76. 

t» - 76 "/f7r*1 *'S - 70-^4^ - -016 : 

i ■> 0*225 per 1000 ft., or 1 ft. 2 in. per mile. ^ 

Ex. 56. — An irrigation channel is to discharge 500 c. ft. per sec. with a velo- 
city of 3 ft. and fall of 1 in 2500. The side slopes are 1 to 1. Find the depth 
and bottom width. 


. Q 500 

A ~ -5— 

V 3 


Try r « 3, 


« 167 s. ft. ; 
c « 70, 


I, r * 4, e « 76, 
„ r 3 9, /. e « 76, 
We have (h d) 167 


n « c ^ r5, /• c « 150. 


.% c^r ^ 121 . 
.% e^r « 162. 
A c^r ^ 160. 


(i). 


167 

6 + 2d^ 


3*9 


(ii). 


From (ii), h « 42*8 - 2 8d. Substituting in (i), — l*8d* — 167 ; nhence 

d « 4*9, or say 6 ft. 

From (i), (6 + 4 9) 4*9 « 167 ; A 6 - 29. 

Hence the required dimensions are 6 « 29 ft., (i « 6 ft. 

Ex. 66.— The discharge of a channel whose depth in 3J ft., fall 18 inches 
per mile, and side slopes 1 to 1, is 180 c. ft. per sec. Find the bottom width 
and the velocity. 

The channel having a depth of 8} ft., assume r ■- 3 ft., i.e., e «> 70. Q ■■ 180* 

*“3^’ 2-06. 

180 

Mean width « ^ 2*05 "* ** ^ *** ® ^ "* 

87’6 ' 

Henoe corrected value of r is^.^ ■■ 2*8 ; A c « 69 ; © — « 1‘96 ; A !!••• 

180 

Width « x f*9 5 ” Whence 6-23 ft. 

Ex. 66a.— A channel is 7 ft. wide at bottom ; the length of each sloping side 
is 6-8 ft. ; the width at water surface is 18 ft. ; the depth 4 ft. ; and the incli- 
nation of surface 4 inches per mile : what is the discharge per minute ? (Univ. 
1886; 

Hero A » 60 8. ft. B « 20-6 ft., A r «= 2*4, A c « 66. 


• - 


8 X 


. V 

6280 

•812 


mt c^rs •» 66 


3 


2-4 


66 


•819. 


3 X 5280 10 'w'ee 

40*6 0. ft. per sec. Discharge per minute 


^ 40-6 X 60 


A Q - 60 X 
- 2436 c. ft. 

88. Practical data. — Irrigation channels generally have Q, Vt 
n, and 5, assigned, leaving d and h to be determined. Sometimes 
however d is assigned, leaving i and s, or h and v to be determined. 
The discharge Q is fixed by consideration of the area to be irrigated, 
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an allowance of 1 c. ffe. per sec. for 60 acres being usual, the 
velocity v should ue as high as is admissible, so as to reduce the 
cross section to be excavated. It must not however be so high 
as to cause erosion of bed and banks, nor so low as to allow of 
the growth of weeds and free deposit of silt. It lies generally 
between 1^ and 3 ft. per sec. The side slope n depends on the 
nature of the soil, and is generally made 1 to 1, or to 1 in the 
first instance. The longitudinal slope s cannot be greater than the 
natural fall of the country, but it can be made as much less ai^ 
is desirable by suitably aligning the channel, or by introducing at 
intervals sudden drops or falls, with arrangements for annihilating 
the additional velocity generated. The bed slope does not generally 
exceed 'a\j ft. per mile for small channels, 5 ft. per mile for large 
channels, or ft. per mile for very large channels. If the velocity 
is assigned, an increase of slope implies a reduction of r, that is a 
diminution of depth. 


If the velocity is excessive, holes are scoured in the bed. Small rapids are 
formed above the holes, which cause the scouring to cut back, and so to gradually 
i^ork its way upwards towards the head of the channel, thus producing the 
effect known as retrogression of levels.^ 

Navigation channels generally have all dimensions, and the 
velocity, assigned, leaving s and Q to be determined. The dimensions 
are fixed by the requirements of the traffic, while the velocity must 
be kept as low as possible, from 1*6 to 1*75 ft. per second, for 
convenience of haulage. 


89. Channels of minimum border.— A channel which has a 
maximum area for a given border, or a minimum border for a given 
area is termed a channel of maicimam discharge, or a channel of mini- 
mum border. The determination of the form of such channels has 
a practical bearing on the amount of excavation required. The 

— /a*^ 

discharge varies as A v^r, i.e., asy\,'g-, so that, for a given discharge, 


g- is constant, i.e,, A oo Hence, other things being the same, 
the excavation will be least when the border is least. 


(a) Closed channels. — If the channel is closed, i.e., has boundaries 
on all sides of the water section, the circle furnishes the best form, 
since this is the figure which has the least border for a given area. 

In this case the H.M.D. == where d is the greatest 

depth. This form is generally adopted for pipes. 

A pipe running partly full (Art. 79), is not a closed channel in the sense 
here used. 


See Prefesiional Papers o i Indian Engineering, 2nd series, Vol. IT, 1678> 





(i) Open channels, ---’If the channel is open, nd has its greatest piat«» xt 

breadth at the water surtace, the semicircle is the best form. In 

diameter d , , . 

^ where a is the ^ greatest 


this case the H.M.D. 


depth. This form is adapted to channels cut in rock, or executed 
in concrete. 


(c) Trapezoidal channels , — If the section of an open channel 
is polygonal, the best form is that which approaches nearest to 
the semicircle, viz., a circumscribing regular semi-polygon with 
an indefinitely large number of sides. As the number of sides is in 
practical cases limited to three, the best section for a trapezoidal 
channel is a semi-hexagon. 

The H.M.D. = d*v/3-r2v^3d This form may be adopted 

in masonry, but the slopes, nearly 1 to If, are too steep for earth- 
work unless revetted. 


(d) Trapezoidal channels with given side slopes . — In practice, as 
already pointed out in Arts. 87 and 88, the side slopes of earthen 
channels must always be a given quantity. If x be the bottom 
width, and y the depth of a channel with given side slopes w, it 
can readily be shewn that the best form is obtained when 

{y/n^ -f 1— w). 

We have A » (x + ny) 2 / .. .. •• •• •• (i) 

B ** X + 2y *^ 71 ^ •• •• •• ••fil) 

In a channel of maximum discharge, we may consider B constant and A a 
maximum ; or A constant and B a minimum ; or, if the discharge is supposed 
fixed, A and B as both minima. In any case, the differential co-efficienU 
A and B must be aero. Differentiating with lespect to y, 

From (i), X + y ^ + 2ny « 0. 
ay 

(ii),g + 

Whence x -iy + 1 + 2»y - 0; .’. e - + I — «. 


The H.M.D. 


A _ (x + ny ) y (2y»» + 1 - » ) ^ y 

“22/(2v'n» + l-n) 2 * 


Let EFGH (fig. 60), be the channel required. From 0 the 
middle point of EF, drop perpendiculars p, y, p on the three sides. 
Chen (EH.p+HG.y + GF.p); B=EH+HG+GF. 


But - = ? ; .\p must be=y ; and therefore a circle described with 
H 2 

esutre C and radius y will touch the three sides of the trapezoid. 
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XT. Draw F£ perpend’ .alar to HG; then ihe triangle CLF is similar 

to FGK ; .% S’= — . But CL = FK = y ; CF = FG, i.e., the 
UL tK 

side slope ic ‘^qual to half the top width, and therefore the border 
is equal to the sum of the top and bottom widths. Hence the 
following constructions, see jSg. 60. 


(i) Depth and side slope given.— Set off CD vertical, equal 

to the given depth, and through C and D draw 
horizontals EF, HG. With C as centre, and radius 
OD, describe a semicircle. Draw FG, EH at the 
given inclination to touch the semicircle. The channel 
EFGH is that required. 

(ii) Top width and side slope given. — Draw EF horizontal 

equal to the given top width, and bisect it in C. Lay 
off FG, EH at the given inclination. With centre F, 
and radius FO, describe an arc cutting FG in G. Draw 
GH horizontal, and the channel is completed. 

Pil) Bottom xvidth and side slope given. — Draw the bottom 
width HG, and bisect it in D. Draw GF, HE at 
the given inclination. From G set off GL equal to 
GD, and draw LG, DO perpendicular to GF, HG 
respectively to meet in C. Through C draw EF 
horizontal to meet the side slopes in E and F. 


It should be noted that since EF - + 1, HG = EF— 2.nd!, 

A ,^(gP+HG)d ^ n). Therefore 




(67) 


2y;p+i_„ 

iO that if any two of the quantities c?, A, n are given, the third 
can be found. 


The section of maximum discharge thus obtained can in practice 
be employed only for small channels. With large channels the 
depth becomes so great that the increased price-rate for excavtuwion 
neutralizes the saving effected by the reduced area. 


{e) Bectangular channels. — A rectangular channel is a trapezoid 
with a given slope of 90® The figure for maximum discharge will, 

therefore, be a half square. The H.M.D. = f . This form 

4(X 2 

is employed for aqueducts of timber or masonry 

90. Design of channels of minimum border.— In de signing 
small earthen channelf, we generally have the di '"^charge, velocity. 
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and side slopes fixed ; whil 4 the cross section anu longitudinal slope 
have to be ascertained. 


From eq. (57) we have d 


-j. 




Also A 9 . 

V 


Thus d is determined, and the top and bottom widths Cc^n thence 

d ' 

be found. Knowing the i.e., — , we can find o ; and can 

A 

then obtain s from the equation v = ^/rs. 


Ex. 57.— An earthen channel of best form is to discharge 60 o. ft. per setond, 
with a velocity of 2 ft. per sec. and side slopes to 1. Design the channel. 


60 


30 8. ft. 


A 


30 


2 1 - » a/i3 - 1-6 


U-35; (2 ->3-8 ft. 


A qn 

Mean width *= ** 5-5 “ 7*9 ft. Bottom width «= 7*9 - nd » 2*3 lt« 

a 0*0 

Top width *= 7*9 + wd = 13*6 ft. 

y « ^ « 1-9 ; whence /u = -0186, and 0 - 69i 
2 


tj2 _ 4 ___ 1 

c2r (59)3 X 1-9 “ 1654* 


If however the channel is large, the depth comes out impracticably high. 

Ex. 68.~-Find the dimensions of a minimum channel of best section to carry 
50,000 c. yds. per hour with a surface fall of 6 inches per mile. Side slopes 1 to IJ 
(Univ. 1878.) 

Here n = | : A = (aV n« + X - m) - l-73<i» ; Q - 375 o. ft. per see, 

O 


J 


a 10560 


iia 


i Ao : 376 = l-73<2«. -®- o'?. 

142 


Try c « 80. d » 10*8 ; .% r - 5’4 ; whence n 

sufficiently near the assumed value. 


*0104, and e -i 78, which is 


A — 1*73 X (10*8)3 «= 202 s. ft. ; .% Mean breadth « = 19 ft. nearly. 

Bottom width « 19 - - 1^^ - 7*2 » 11*8 ft. Top width « 19 + 7*9 « 26*2 ft. 

Ex. 69.—A canal is 3 ft. deep, 40 ft. wide at the bottom, with slopes of to 1, 
and a of 1 in 5875. Design a suitable branch channel to carry one-sixth part of 
the water, and find the fall necessary to give the water the same velocity as in the 
canal. (Univ. 1884.) 

Hered-8: ^ = 40 ; » = | 

A - (6 + nrf) <2 = 133-5 s. ft. B - 6 + 2<2 + 1 - 60-8, 

f» ^=2-63; /<= -006(1 + ~^=‘ 0151! =05- 

Q - cA *'rs = 183-6. « “ j = 1’37 ft. 

J'ot tbe brauoli obkonel. Q — “ 30-6 ; v — 1-37 ; A — S => 32-3 b. ft, 
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This being » sunfl' ^nannel, let us ascertain ti e depth, supposing it a ohannei 

of minimuin border. / » 3'26, which is greater than the 

V 2^713 + 1 - n 

depth in thfc z. ■'in channel, and therefore inconvenient. 

Making bed of branch, at the junction, at same level as bed of main ohannei, 
and allowing a head of 8 inches for the branch held sluice, we have 2'7b as a suit- 

abV depth for the branch. Mean width = « 8*1 ft. 

2-75 

Taking n- f as before Bottom width « 8*1 - 4*1 - 4*0 ft. 

Top width - 8*1 + 41 « 12 2 ft. 

B b + 2d'v/7i3 + 1 * 13-9 j r m> 1*6 ; whence /« «= *0210, and c m 65. 

•*' 2576* 

Channels other than earthen can readily be designed of specified form from 
the data given in Art. 89. 

Ex. 60.— An aqueduct of best form of rectangular section, with sides and 
bottom of planed timber, is to carry 12 c. ft. per second with a velocity of 4 ft, 
per second. Design it. 

Here » - 0 ; A - 9 = 3 s, ft. ; ^ 1'5 ; d - 1-22. 

2'^n2 + l- n 

Width « 2d « 2*44. H.M.D. = ^ « *61 ; ^ *003 ^1 + - *0035 ; c • 133. 

I « ~ j Hence the ohannei should measure l'’2i x 2'’44, 

c^r 17689 x *61 674 

and have a fall of 1 in 674. 

91. Channels for a variable discharge —When a channel 
has to carry a variable volume, it is desirable that the velocity 
should be nearly constant, i.e. (neglecting the variation of c), the 
H.M.D. should be constant, or the border should increase at the 
same rate as the area. This condition cannot be conveniently seoureu 
in earthen channels, as the slopes above the minimum water level 
would become very flat, and slightly convex on their upper surface.* 
The principle is however adopted to some extent in ovoidal sewers, 
which arc intended for the constant discharge of sewage as well as 
for the occasional discharge of a comparatively large volume of rain 
water. 

Two ovoidal sections are shewn in figs. 61 and 62, which 
indicate their construction. In the Metropolitan ovoid (fig. 61), 
the radius of the invert is one-half that of the crown ; in Hawksley's 
ovoid (fig. 62), nearly three-fifths of that of the crown. These culverts 
are generally executed in brickwork, and have transverse diameters 
up to 6 ft. Drains of this form, though covered in at the top, are 
technically open channels, since they are not intended to discharge 
under pressure. 

* ProfeBsioual Papers c u Indian Engineering, 2nd series, Vol. VII, 1878, 
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Ex. 61 .— A metropolitan ovmd culvert, in brickwork, plastered, mea- Pi^yts.xx, 

lures 8 '- 2" x 4'-9". Compare the velocities and discharges when it runs with depths 
of one- third and two-thirds the vertical diameter. j 
Drawing the ovoid to scale, we find by measurement,— 

For one-third full, Aj » 2*85 ; « 4*38 ; ri ■= *85. 


„ two-thirds „ 

A, - 7-68 ; 

Bj « 7*58 ; r, - l OO, 

w 

1 

i 


) =. -OOSS 

1 

.% Cl « 135* 

*008 1 

('*15' 

J = -0033 

1 

.*• C 3 » 140. 

Hence ^ 


135 X 

■a , 

•81 

^ 109 



140 X 

1*0 

“ 140* 


.. 

2-85 

BB X 

109 

311 

Qa 


7-58 

140 

" loai* 


So that the velocity only increases by one-fourth, while the discharge is trebled* 

92. Variation of velocity in a cross section.— As might be 
expected from the nature of the resistances, the velocity is least 
in the neighbourhood of the bed and banks, and greatest in the 
axis of the stream near the surface. If Vg be the greatest surface 
velocity, vt the bottom velocity, and v the mean velocity, experiment 
shews that, approximately, 

V = •dvg = I'Zvh (68) 

The relation between v and v, is useful, owing to the facility 
with which Vg can be measured by surface floats. The relation 
between v and ut enables us, in designing a channel, to assign a velo- 
city which will not be injurious to bed and banks of known consistency 
of soil. The following mean \ 0 locities in feet per second should 
generally be not exceeded : — 

Clay 0*75 Boulders 4*0 

Sand 1* 5 Stratified rock 6*0 

Pebbles 3* 0 Hard rock 10*0 

On the hypothesis of simple frictional and viscous resistance, it can be shewn 
that the velocities at points in a vertical line CD (fig. 63), are represented by 
the abscissae of a parabola whose axis lies in the surface. The true* motion i£ 
however complicated by the existence of eddies, which are most numerous near 
the surface ; and experiment shews that the curve is a parabola whose vertex is 
0‘Sd the surface.* Bazin found the following relation between the greatest 
surface velocity v, and the moan velocity v, 

V « Vs - 25^rs. Now V = rs. Therefore 



• Noth.— This distribution of the velocity applies only to unobstructed sections. 
In dealing with the discharge over a submerged weir, some authorities take the 
velocity of approach for the notch portion as equal to the surface velocity of the 
stream, and the velocity of approach for the orifice portion as equal to the mean 
velocity of the stream. For the reason above given, Ibis practice kw not been 
followed in the text of Chap. IV. 

11 
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Sz. 63. — The surface velocity in ar earthen channel whose H.M.D, 

is 1 ft. is observed to be 6 ft. per sec. Find the mean velocity. 

^ _ •OO'’ X = -0120 ; c - - 7#. 

73 

V — ^ X 6 « 8*72 ft. per see. 

Many writers have asserted that the water surface of the cross section of a 
stream is slightly convex upwards, i.e., higher at the axis than at the banks. 
Experiments made at Roorkae however, give no support to the statement. 

93. Minor losses of head. — Nearly the whole of the fall of a 
channel is effective to overcome resistance. Small heads are however 
requli.ad to produce the velocity of entry, and to pass obstructions, 
such as bends. These losses must be compensated for by giving so 
much extra fall to the channel. 


Velocity of entry , — The entrance to a channel may be open to the source of 
supply, or it may be closed by a head sluice. In the former case, there is for a 
short distance a rapid surface slope sufficient to generate the velocity which the 
H.M.D. and fall impose on the ohannel lower down ; in the latter the head is 
the difference of level on the upper and lower sides of the sluice. 

Let A be the area of channel section, v the channel velocity, h the actual 
head required to produce this velocity. For an open inlet Q c= c A =» v. A ; 

whence h — --- <=> 1*5 if c be taken *8. For a closed inlet, let A] be the area 

cs. 2g 

of the sluice openings, Vj the velocity through them, vj A = 

/ A \* vS - K / A \* vS 

In both eases the fall ean be distributed, if desired, by widening the channel 
near the entraHoe, and thus reducing the velocity to be at first produced. 


Bends . — Bends ia artificial channels are generally curves of large radius. In 
the absence of oonolusive experiments as to the loss of head due to them, the 
following modification of Humphrey and Abbot’s INUssi^'Sippi foimula is adopted. 


For a bend having an arc subtending a* the loss of head h 


a 

yo 


X 



Ex. 63. — In the first reach of a branch channel there are li bends of 80®, and 
3 of 45®. The vent area of the head sluice is half the area of the channel stotion. 
The velocity in the channel is to be 2 ft. per sec. Find the additional head to 
be provided in designing the ohannel. 


At entry, h « 1*5 (2)’~ 

At bend of 30*, A x -36 

90 ‘Ig 

At bend of 45°, 7i = 4® x '30 
90 2? 


Total loss 




(6 + 9 X 12 + 3 X *18) 


0-5 ft. nearly. 
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94. Falls. — When the natural ground slopt is much greater 
than the inclinati m of the channel, length is saved by the intro- 
duction of sudden drops or falls in the channel bed. These generally 
consist of a low weir, with steps on the down-skeam side to break 
up the force of the falling water, or with a single vertical fall on 
to a water cushion. The object in both constructions is to annihilate 
the additional velocity due to the fall, and to deliver the water 
into the lower reach with the normal channel velocity. If there 
is no weir, it is found that the depth in the channel begins to 
diminish a great distance back from the w^ir, and the velocity 
consequently increases, and erodes the bed. To ascoitain the height 
to which the weir should bo built, we have from equations (11) and 

(68), ^oW 2g ^ + ck\/rs. Solve for h. Then, 

if d is the normal depth of the channel, the weir must be built 
to a height 

The type of fall in which the water drops vertically on to a 
water cushion (fig. 65), is one often seen in nature ; and the 
depth of the pool at the foot of natural falls is a guide to us in 
fixing the depth of the water cushion. The formula adopted loi 
canal falls iso; — 1*5 where a? is the depth of the cushion, 

d that of the channel, and H the difference of water level in the 
two reaches. Plate XII* illustrates an experimental fall of this 
description, constructed on the Bari Doab Canal. The form of the 
water surface on the crest, that of the jet of falling water, and 
that of the wave below should .be noted. 

In Ogte falls, which consist of a double curve, fig, 66, the object is to deliver 
the water at the foot of the fall without vertical velocity. Excessive horizontal 
velocity may be checked by widening the channel below the fall, or by placing 
brushwood spurs or other obstacles in the tail water. The double chord CD has a 
slope of about 6 to 1, the chord OB of the upper arc being one-third of OD. 

i 

On the Ganges canal as first oonstrueted, tl e ogee falls had their crests at 
bed level of upper reach. The scour produced for some miles above the falls 
was BO great that it was soon found necessary to raise the crests, f 

95. Standing Waves.— It can be shewn from the differential equation of 
steady varied motion J that if the depth at which a stream is flowing be less 

than — , and if the depth be increased by any obstruction, then at the point 

where d « ~ the water surface tends to become normal to the bed, and a standing 
9 

♦Taken from Professional Papers on Indian Engineering, 1st series, Vol. 
Ill, 1866. A plank weir can ba fitted in the recesses shown in the side walls, 

t Oroftou’s Report on the Ganges Canal. 

X '^ids Eueyclop^dia Britaunica, 9th td., Article Hydromechanics* 
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wate is produced. condition may ooour either above or at the foot of a 

weir, and it may also be noticed on the down-stream side of bridges discharging 
in flood. 


Thus, in fig. 67, at the section 0, d is As the water section increases 

9 

towards the obstruction, v diminishes, and eventually d « !!-, between 0 and D, 

9 

when a standing wave is formed. Again at E the depth is so small, and velocity 

•o great that d may be . As the bed generally consists here of a rough 
9 

stone apron, the velocity rapidly diminishes, and a standing wave will be found 

between E and F, as soon as d » — . 

9 


The height of the wave may be found as follows 

Let the mass CD (fig. 68), occupy the position Ci Di after time f. Consider, 
for simplicity, a rectangular section of width f, and depths di, dj. The horizontal 

change of momentum is ^ ^AjO^a — AjV^a^ t «• ^ t 


The impulse is the difference of the pressures on CO, DD acting for the timef, 
l.e., to (^ _ ^) l.t. Hence d.^* - <^ 1 * = ^ But Oj = |-'t;, ; 

di* -<*!> = ? «iS i‘ (dj - di) ; dj + d, ■= ; whence 

g d .2 g di 




(60) 


Ex. 64.— A bridge discharging in flood has depths of 10 ft. and 6 ft. of water 
on its up-stream and down-stream sides respectively, and a velocity of approach 
of 8J ft. per second. Determine whetheir a standing wave will be formed, and 
if so, what its height will be. 


Hera vj ■■ 8-6; x 8-5 « 14-2 ; ^ a^32 x 6 - 13*9, 

o 

Hence Vg is slightly greater than It will however diminish below 

the bridge, and when it reaches the value 13’9, a standing wave will be formed. 
The height of the wave will be 

The primary condition d-c— implies that In broad shallow channels 

r approximates to d ; so that is the primary condition in such channels for 

theformationof a standing wave. For earthen channels ju ■■ *006 (1 + its least 

value being consequently *006. Hence, for a standing wave to be possible i must 
be 003, or the inclination must be not less than about IG ft. per mile.* 


• For experimental researenes on standing waves, see La Ftopagation deb Ondes, 

Baain. 
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EXAMPLES ON CHAPTER YU. 

Note. — The co-afficients used (Bazin’s) are those tabulated. 

1. Eind the fall in feet per mile of a channel 'r’lL a bottom 
width of 40 ft., and side slopes of 2 to 1, to discharge 300 c. ft. 
per sec. with a depth of 4 ft. What will be the discharge of the 
channel with a depth of 5 ft. ? (Coll. 1882.) Ans. (1) 10 in. per ixiile, 
(2) 457 c. ft. s. 

2. What are the velocity and discharge of a channel which 

has a depth of 3| ft., bottom width 35 ft., siue slopes 1 to 1, and 

bed fall 18 in. per mile ? Ans. (1) 2 ft. per sec., (2) 270 c. ft. 8. 

3. What is the hydraulic mean depth of a channel ? A channel 
cut through hard rocky ground is to carry 100 c. ft. of water per 
sec. with a mean velocity of 3 ft. per sec. Supposing its section a 
half square, find the fall in feet per mile. (Coll. 1883.) Ans. 2*5 ft. 

4. Required approximately the bottom width of a channel t^ith 
side slopes 1 to 1, and a fall of 2 ft. per mile, to discharge 400 c. ft. 
per sec. with a depth of 3 ft. (Coll. 1882.) Ans. 60 ft. 

5. What must be the bottom width of a channel 4 ft. deep, 

with slopes of 1^ to 1, and a fall of 3 ft. per mile, in order that it 

may discharge 195 c. ft. per sec. ? (Univ. 1877.) Ans. 13 ft. 

6. What will be the discharge in c. ft. per minute of a channel 
having a fall of 6 inches per mile, bottom width of 30 ft., and 
slopes 1 to 1, when flowing 6 ft. deep? What will be the moan» 
surface, and bottom velocities ? (Univ. 1882.) Ans^ (1) 20,450 
0. ft., (2) 1-57, 1 97, 1’21 ft. 8. 

7. What are the principal circumstances to be considered in 
fixing the cross section and inclination to be given to a new 
irrigation channel to carry a gi^^en quantity of water ; and why is 
the form for maximum discharge not so desirable or economical ab' 
others for channels formed in ordinary soils ? (Univ. 1882.) 

3. What should be the width of a rectangular brick aqueduct 
220 yds. long, to convey 56,700 c. yds. of water per hour, the depth 
of water being 5 ft., and the fall through the aqueduct 3 inches ? 
A?is. 20 ft. 

9. A channel is 80 ft. wide at bottom with side slopes 1 to 1, 
fall 1 ft. per mile, mean velocity 3 ft. per sec. Find the depth and 
discharge of the channel. Ans. (1) 8-15 ft., (2) 2,155 c. ft. s. 

A branch channel takes off one-third of this discharge, and the 
bottom width of the main channel is in consequence reduced to 
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60 it. What fall micst be given to the main channel in order that 
the velocity of 3 ft. per sec. may be maintained? (Univ. 1874.) 
Ans, 1*5 ft. per mile. 

10. A channel is to be designed to carry a discharge of 350 
0 . ft. per sec. with a velocity of 2| ft. per sec. and side slopes of 
1 to 1. The levels of the country are such that a fall of 1 in 3,600 
is considered suitable. Sketch the section of the channel. (Univ. 
1890.) Ans. i = 16 ft. d = GJ ft. 

11. A channel ip constructed from a river to irrigate 2,000 
acres. The river records shew that during September, that month 
of the irrigation season when the river is lowest, there is an ample 
supply of water from freshes during 16 days. In the intervals 
between the freshes not more than 12 c. ft. per sec. is available for 
use. What should be the capacity, i.e., the discharging power of 
the channel, allowing 1 c. ft. s. per 50 acres ? 

If it be decided to assign a velocity of 3 ft. per sec. and to 
give a depth of 2 ft. for full supply, and side slopes 1 to 1, 
determine the bottom width and the requisite fall. (Univ. 1890 ; 
Ans. (1) 64| c. ft. 8., (2) fe = 8f ft., (3) 5 = 1 in 470. 

12. Find the dimensions of a channel to carry 4,000 c. ft. per 
sec. with a fall of 2 ft. per mile, side slopes 1 to 1, ratio of depth 
to mean width 1 : 15. (Univ. 1879.) Ans. d = 8-4 ft. = 118 ft. 

13. A rectangular channel of rrbble masonry, having a fall of 
1*5 ft. per mile, is required to discharge 700 c. ft. per second with 
a width of 15 times its depth. What must the latter be? (Univ. 
1883.) Ans. 3i ft. 

14. In symmetrical trapezoidal channels of maximum discharge, 
what relation does the hydraulic mean depth bear to the depth of 
water? What are the geometro properties of such channels ? 
(Univ. 1883.) 

16. Determine the minimum section of a channel to carry 1,000 
c. ft. per see. with a fall of 2 ft. a mile. Side slopes 1| to 1, 
(Univ. 1874.) Ans. d = 11*3 ft. b =* 6*8 ft. 

16. Draw a cross section of a trapezoidal channel of best form, 
being given depth 4 ft. inclination of sides 2 to 1. Ans. b ^ 1*9 ft. 

Compare the velocity of its stream with that of a channel of 
the same depth and inclination, having a bottom width of 3*3 ft. 
and slopes of 1 to 1. (Univ. 1877.) Ans. The velocities are equal. 

17. A maximum discharging channel of best section has a 
depth of 8 ft., and fall 2 ft. per mile. Galcuiats the discharge, 
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and draw a section of tho channel with side slopes pf 1 to 1. 
(Univ. 1879.) Ans. Q = 333 c. ft. s. i = 6*6 ft. 

18. The mean width of a channel of minimum border is 14 ft., 
and the depth 8 ft. Find the side slopes. Ans. f to 1. 

19. Draw the following section of ground to scales of 1,000 ft. 
to 1 inch horizontal, and 6 ft. to 1 inch vertical ; and shew cn it 
the bed of a channel with depth 2 ft., and bed fall 1 ft. per mile, 
so laid out that the water surface may be everywhere below the 
natural ground level except at the points A a^d B, where it should 
reach the ground level. (Coll. 1884.) 


Distance in feet. 

Depth below da- I 
turn in feet. 

Bemarks. 

0 

10 

Point A. 

1000 

12 


2000 

2-6 


3000 

3-4 


4000 

4-9 


6000 

5-2 

Point B. 


20. A channel 30 ft. wide at bed with side slopes 3 vertical 
to 4 horizontal, and with a fall of 1 in 10,000, draws a fluctuating 
supply from a river. Find the velocity and discharge with depths 
of 2 , 4 and 6 ft. (Univ. 1869.) Ans. (1) 0*78 ft. s., 50 c. ft. s., 
(2) 1-26 ft. s., 178 c. ft. 8., (3) 1*60 ft. s., 365 o. ft. s. 

21. Find the discharge in cubic, feet per minute from an ovoid 
sewer of brickwork, running full, whoso inclination is 1 in 1,000, 
transverse diameter 5 ft,, vertical diameter 7f ft., radius of the invert 
one-eighth of the transverse diameter, and the radius of the sides 
one and one-third times the transverse diameter, (Univ. 1888)) 
Ans. 6,600 o. ft. 



CHAPTER VIII. 
PLOW OP WATEB IN KIVEES 
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96. Rivers. — The principles which govern the flow of water in 
natural channels are the same as those which have been already laid 
down for artificial channels. The conditions in the former case 
are however more complex owing to constant variation in the channel 
section and consequently in the velocity, as well as to variation in the 
discharge at different seasons of the year. In hilly tracts, streams 
have considerable fall, high velocity, and great energy of motion ; 
their courses are therefore direct, and well marked by the depressions 
through which they flow. In plains, these conditions are reversed ; a 
slight obstacle suffices to change the direction of the river, the course 
accordingly becomes winding, and the longitudinal slope and the 
velocity are still further diminished. The solid matter detached from 
the bed and banks in the upper parB of the river’s course, and sus- 
pended in the water, is gradually deposited as the velocity diminishes, 
the level of the bed near the mouth becomes raised, periodic floods 
carry the silt over the surrounding country, and the coast line moves 
seaward. At length, during some especially heavy flood tlie river 
makes fresh channels for itself to the se''. The same process is 
then repeated here, and iu the course of ages a delta of rich alluvial 
soil is formed, traversed by branches of the river, whose beds are 
generally at a higher level than the adjacent country. Thus the 
Kistna has in the upper part of its course a bed slope of 4 1 ft. per mile, 
lower dewn 2 ft. per mile, and in the delta about 1 ft. per mile, 
the fall of the country away from the river being ft. per mile 
in this last part of its course. 

The surface slope of any portion of a river depends on the bed 
slope, on any variation of breadth which may occur in that portion, 
and on the state of the discharge, i.e., whether the river is in flood 
or otherwise. For a given discharge and bed slope the depth ol 
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a river alters with the breadth ; so that whenever the banks approach 
each other, the water heads up to produce the velocity necessary 
to carry the discharge through the contracted section. Hence the 
surface slope, on which the velocity depends, is not geneiaiiy parallel 
to the bed slopei The Godaveri in the delta has a bed slope of 0*5 ft. 
per mile, the surface slope being 0*7 per mile in dry weather and 
1*26 in floods. » 

To utilize the water of a river for cultivation, it must be conveyed 
from the river to the cultivable area by artificial channels. In 
ordinary country, where the river flows in a /alley, this can only 
bo accomplished by taking off the water at a point far above the area 
in question, and laying out the canal with a slope less thru that of 
the river, so that it may command the country where the water is 
required. This is the usual problem in Upper India. In the great 
deltaic districts of Southern India, vtz., the Godaveri, Kistna, and 
Kaveri. the problem is simpler, since the canal has only to be taken 
off at the head of the delta, and, with its branches, to be conducted 
along the subsidiary watersheds in order to command the whole of the 
surrounding country. 

In India the main channels of irrigation are made to subserve 
the purposes of navigation. In England canals are constructed 
solely for navigation. 

97. Discharge of rivers. — drawing up a project for the 
supply of water from a river, it is necessary to estimate the 
minimum, ordinary, and maximum discharges in order to fix the 
dimensions of the weir, head sluices, flood banks and other works. 
In designing a bridge, the maximum discharge only is required. 
There are three principal modes of estimating the discharge, which 
should be used as checks on one another. 

(i) Measurement of the mean cross section and longitudinal 
slope, and application of Kutter’s or Bazin’s formula 
for the velocity. 

(ii) Direct measurement of the velocity. 

(iii) Measurement of the drainage area, observations of the 

rainfall, and estimation of the amount which reaches 
the river. 

Methods (i) and (ii) are suited for any discharge, method (iii) is best 
adapted to flood discharges only. If a weir already exists higher up 
the river, a further check is obtained by calculation of its discharge. 

98. Discharge by velocity calculation.— A straight reach of 
the river, with a regular transverse section, is selected, from ^ tc 
I mile ^ong. Eour equidistant cross sections rre taken, and connected 
by longitudinal levels. The differences between the water levels 

n 



to 


HVDBAUL108 


zxzx. at the eectione give the surface fall for the then discharge of the 
river. For maximum flood discharges, reliance must be placed on 
flood marks on the banks and on the information furnished by village 
testimony ; and the cross section and surface fall must be measured 
to the points so arrived at. The H.M.D. of each cross section is 
then calculated, and Kutter’s or Bazin's formula used to obtain 
the proper co-efficient. The velocities deduced from the cross sections 
are then compared; and, if the product Av is approximately the 
same for each section, the calculation may be deemed satisfactory. 

The value of N wO be used in Kutter’s formula (Art. 83), must 
be chosen with reference to that which has been found applicable 
to rivers similarly situated. It may vary from *020 to 035. The 


following are a few local values:— 

Ohio at Point Pleasant 021 

Seine at Paris . 025 

Mississippi 027 

Bhine at Basle *030 


99. Gross sections.— Gross sections are taken as follows:— A 
wire, marked off with pendants at equal distances, is stretched across 
the stream at right angles to its axis, and the depth at each pendant 
is measured with a wooden staff, provided with a disc at the end 
to prevent penetration of the bed. If the river is too broad or 
too rapid for the convenient adoption of this plan, staves may be 
set up at C,D,B, (fig. 69), the angle DOE being a right angle. A 
boat is allowed to drop down towards the cross section. At the instant 
of its reaching CD a sounding is made with an ordinary “ lead line, ” 
previously suspended within a short distance of the bottom, the 
position F of the boat being determined simultaneously by an angular 
measurement made from the boat with a pocket sextant, or from 
E with a theodolite. When a sufficient number of soundings has 
been taken, the cross section can be plotted, and the area and 
border estimated. 

100. Measurement of velocity.— In the second method ot 

obtaining the discharge, the preliminary work of taking cross sections 
and levelling for the longitudinal slope is the same as before, ercept 
that the sections may be closer together. If the stream is a small 
one, it will be sufficient to mark out two lines across it 50 ft. apart, 
and to take several observations of the time occupied by a float, 
placed in the axis of the stream, in traversing the distance between 
the lines. The mean of the observations gives the maximum surface 
velocity v , and the mean velocity v can then be obtained by Bazin's 

relation (Art. 92), v = — Vg where o is the oo-effioient proper 
c + 2o 

to the E.M.D. of the channel. The cross sections should be at 
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least three in number one at each end of the *^run,** and one Plate Xllf 
midway between. 

If the stream is a large one, velocity rods should be used. Two 
wires furnished with pendants at convenient intervals are stretched 
across the exti^emities of a 60 ft. run.* A hollow rod, sufSoiently 
long to extend from the surface nearly to the bottom, is started 
above any pendant at the upper section, and the time interval to 
the corresponding pendant at the lower section is noted with a stop 
watch. Unless the rod passes near the proper pendant at the lower 
section, the observation should be discarded. ‘ It has been shewn 
by experiment f that such a rod measures very approximately the 
mean velocity of the vertical fluid plane in which it moves. The . 
rods are made in different lengths so as to suit variations of depth, 
the proper length of rod to use at any pendant being determined 
by the soundings previously made at the cross sections. The rods 
(fig. 70), are cylindrical, 1 inch in diameter, and may be made of 
sheet tin loaded at the base with iron and adjusted with shot, so 
as to float with about 2 inches out of water. The top is closed, 
and should be marked with a tuft of cotton wool. When the 
observations are complete, the discharge can be readily found as 
follows. 

Suppose the river breadth to be divided into convenient segments 
CD, DE, EE, &o. (fig. 71), of lengths Zi, Zj, &o. Pendants 1, 2, 3, 4, 

&c., mark the middle points of the segments and the courses of 
the velocity rods. The mean depth d along the course of each rod 
is ascertained by sounding, and the velocity v of the rod is deter* 
mined by observation. The discharge of any segment is (ld)v, 
and the whole discharge is 

Q = 2(Z^Zv) (61) 

The mean velocity is Q A, where A = 2 (Id), 

Ex. 65.- -Find the discharge of a river from the data given in the first thraa 
lines of the following table , 


— 

ft. 

ft. 

ft. 

ft. 

ft. 

ft. 

ft. 

Lengths of 
segments 

h-16*6 

13 - 20*0 

J,-25'0 

14 - 82*0 

fj-SO-O 

f,«S6-8 


Mean 

depths 

j di* 4*8 

(* 2 = 9’7 

^3—12*4 

^4=16*7 

^ 6 - 12*0 

d,- 9 7 

dj— 4*8 

Mean velo- 
cities 

1 t;i-2*25 

i),-3'80 

iij-4*62 

V 4 - 6*0 

»6-4*66 

ti,-8-76 

v ,-200 


1 0. ft. 

c. ft. 

0. ft. 

c. ft. 

c. ft. 

c. ft. 

c. ft. 

DisohaTgesjQi"” 178*2 

Q3»737'2 

Q3= 1432*2 

Q4= 2612*0 

Qj- 1674*0 

Q, -974-9 0,-176-7 


Whole discharge Q « 7684 o. ft. per sec. 


''119k superior time-keeper is not available, the run should be 100 ft. 
t Roorkee Hydraulic Experiments, Omoningham. Roorkee, 1881. 
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f Ifttt ZZZI. Greater aoouraoy may be seouied by placing the pendants at equal intervale 

throughout the breadth of the stream, and using either the parabolic formula 
(Simpson’s), or the seztio (Weddle’s), in place of the trapezoidal formula employed 
above. Siir^^on’s rule requires that the number of intervals should be a multi- 
ple of Weddle’s that it should be .a multiple of 6 ; and the latter gives the 
best results. Let the length of each interval (fig. 72), be k. Then, the velocity 
at the banks being taken zero, 

Simpson’s role gives Q - ^ ( 0 + +\2diV, + id,v, + ZdiV* + 4d,», + 0^ 

- j I <*8*9 + dA + 2 [diVi + d^v, + djc,) I . . (62) 

37 ^ / \ 

Weddle’s rule gives Q * ^ + BdiV^ + + 5dgV^ 4 + Bd^v^ + 0 1 

Sk ( 1 

- Yo I ’’s'** + •’<'*« + + vM I ..(68) 

If the cross section is of approximately uniform depth between the feet tf 
sloping banks, it may be advantageously divided into a central portion of six inter- 
vals, and side portions each of two intervals. The discharge of the central portion 
can be calculated by Weddle’s rule, and that of the side portions by Simpson’s. 

101- Other velocity meters.— Many instruments have been devised to 
measure the velocity at a point ; but they are not of much service in the ordinary 
operation of river gauging. Among the best known are: — 

(1) Screw current meter.-~-Th\s consists of a small screw, like the propeller 
of a steam ship, which is operated on by the current and records the number of 
its revolutions on a counter. The screw is kept with its head against the current 
by a large vane place in rear. The instrument is lowered on a rod to the 
position required, and can be put in or out of gear at will. The objection to it 
is that the relation between number of revolutions and current velocity has to bt 
determined previously by drawing the instrument through still water at known 
velocities, and that this relation is liable to change by the moving parts be- 
coming clogged. 


(2) Fit^t This is a graduated glass tube bent to a right angle near one 

end, the shorter arm being coned so as to present a small orifice to the current. 
The difference of water level inside and outside the tube measures the velocity. 

At a depth h in the stream the total head is /h+ ~ V There being no velocity 


in the tube, the head is {h + hi) where hi is the difference of water levels. 


Hence hi > 


2^ 


This instrument was used by Darcy in his velocity experi- 


ments. The objection to it is that, as the velocity at a point varies from instant 
to instant, and as the tube must be closed and removed from the wate’* to be 
read, there is no certainty that a mean reading has been obtained It cannot be 
used moreover for very low velocities. 


(3) PerrodiVs Hydrodynamometer.— -Thh is a torsion balance. A vane placed 
at right angles to the current twists a vertical wire, the angle of twist being read 
on an arc above water. The index oscillates with the variation of the velocity, 
and the mean angle can readily be observed. The relation between the angle 
and the current velocity can be obtained by calculation. 


* Pitdt used a bell-mouthed tube as shewn in fig, 73. He found by experiment 

t)2 

that hi was equal to 1*6 - . 
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102. Maximum Flood Discharge.— -To obtain the maximum 
flood discharge, the cross sections are carried up to the highest flood 
marks, and their areas, and hydraulic mean depths estimated. Then 

Qi _ 

Q 


(64) 


ck>/r 

where Q is the discharge calculated from the measured velocity. 
Qi is the required maximum flood discharge. It should be born^e in 
mind however that the bed level during maximum floods is often 
lowered by scour. 

103. Flood Discharge from Catchment Basins.— The catch- 
ment basin of a river or tank is the whole area whose rainfall 
tends to flow into the river or tank. The area can readily be found’ 
from a contoured map, since its boundary is marked by a watershed, 
the drainage on the inner side of w^hich flows to the basin in 
question, while that on the outer side discharges into other basins. 
The size of the basins with which we have to deal varies from 
115,000 square miles for the Godaveri, to a fraction of a square 
mile for a small tank. Part of the rainfall fails to reach the point 
of final discharge, owing to absorption by the soil and evaporation. 
The amount lost depends chiefly on the nature of the soil, the 
fall of the country, and the shape of the basin. The maximum 
rainfall in, say, 24 hours, for a given basin, must be obtained from 
the register kept at the nearest station where a rain-gauge is set 
up. The rate of discharge from the basin cannot, however, be based 
directly on this fall because 


(1) heaviest rainfall is very partial, i.e,, the record at a station 
for a particular storm applies only to a very limited area, perhaps 
about 6 sq. miles, around the station. Equally heavy rainfall may 
occur at other points in the basin, but not at the same time. 

(2) as the basin area increases, the greater is the probability that 
the flow from ground near the point of discharge will have ceased 
before the flow from remoter portions hps had time to come in. ' 

To meet the proportionate reduction thus required for large 
areas, vaiious empirical formulae have been proposed, those chiefly 
employed in Southern India being 


Ry ves’ formula Q = cM® (66) 

Dickens* „ Q = (66) 


where M is the catchment area in square miles, c, local oo- 
eflicients depending on the rainfall, soil and slope of the district. 


Values of the co-efficients suited to particular districts can be deduced from 
measured maximum flood discharges from known catchment basins. Thui if 
the m.jximum flood discharge of a stream draining 80 s. miles is measured as 
9,600 0 . ft. per se it follows that c « 610, Cj = 855. 
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To obtain the flood discharge of one of a group of tanks in the 
same drainage basin, the practice of the Madras Irrigation Depart- 
ment is as follows : — if M be the area feeding the tank in question, 

Ml the area feeding the tanks above it, then Q = 


General values of c in Byves’ formula are-- 

In flat distriots near the coast c 450 

In distriots extending from 20 to 50 or 100 miles from the 

east coast c « 550 

For limited areas near hills c ^ 700 


In any particular case however, where the maximum flood 
discharge is required, it is best to have recourse to the rainfall 
registers. Let d inches be the heaviest fall recorded in 24 hours. 
The volume received by the standard area of 5 sq. miles is 

~ X (6280)* X 6. In order to be on the safe side, assume that 
1 A 

the whole of this passes to the point of discharge. Then the 
discharge in c. ft. per sec. from tho standard area is 

0 = = 46d .« (67) 

5^ 

A c,= ^ = 40rf (68) 

5* 

The heaviest rainfall recorded for shorter periods than 24 hrs. 
would of course give a higher rata of discharge ; and in tlie case 
of small catchment basins, it might be desirable to take 12 hrs. 
or even 6 hrs. as the basis of calculation. 

Ex. 66.— The catchment basin of a river above a given point in its course is 
150 6. miles. The maximum recorded rainfall at a meteorological station in 
the vicinity is 11 inches in 24 hrs. Estimate the probable maximum flood dis- 
charge of thj river at the given point. 

e > 46 X 11 - 606. Q - 606 (160)^ - 11,285. 

If Dickens’ formula were used, the discharge obtained would be 18,840. 

It will be observed that these empirical formula are very im- 
perfect ; and that trust must not be placed unreservedly on the 
results deduced from them. The rainfall records are not readily 
applied to minimum discharges because the water in rivers during 
the dry season is largely derived from bed springs. 

Attempts havs been made to take account of the form of the basin. Burge* 
M 

proposedQ*e — =, where L is the extreme length of the catchment area in 
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miles, ftnde is a eo-effioient which may betaken at 1,500 for Madras. Craig* 
divides the basin into a series of triangles each of which has one angle at the 
point of discharge and one side on the perimeter of the basin. Calling 2B miles the 
length of the side, and L miles the distance from its middle point to the point 
of discharge, he obtains for the area in a. ft. of the unobstructed flooJ section 

of the river at the point of discharge, A — expression 

appears to give good results, although it baa been inoorreotly deduced from ,the 

premises. 

Ex. 67.— The catchment basin above a bridge near Ghiekli, Berar,t can be 
divided into three triangles, the dimensions of which, in miles, are 


L B 

1-84 0*61 

2*60 0*68 

1'66 0-84 


Area of flood section « 


whence area of basin is 8*5 s. miles nearly, 

18. ( -61 log y!|a’ + -88 !<« « log ffia* j 

181 1 (-61 X 1‘657) + (-68 x 1'900) + (-34 x 1-812) | - 687 s. ft. 


The actual cross section as me| isured by the highest flood at the bridge was 
667 s. ft. 


104 . River bends. — i^ends existing In rivers flowing in alluvial 
plains tend to become constantly sharper, the bank on the outer side 
of the curve being out away, while silt is deposited on the inner 
side. This action tends to increase the length of the river’s course, 
and thus to diminish its fail per mile, and consequently its velocity. 
Ultimately the bends of a river may approach each other so closely 
that a cut through takes plac 3 . 

The erosion of the outer bank is due jbo the centrifugal force developed as the 
water passes round the curve. At any rad'al cross section the surfaoo water flows 
from the inner towards the outer side of the bend, while the fluid near the bed 
takes its place by movement in the opposite direction, and thus deposits silt on 
the inner bank. 


105. Regime of rivers —A river is said to be in a state of 
regime or stability when its form changes but little from year to 
year. Owing to variations of discharge and the consequent erosions 
and siltings which occur at different seasons of the year, a condition 
of permanent stability is difficult of attainment ; and this is especially 
the case in Indian rivers which generally have sandy beds, and which 
are subject to heavy floods. A wide field is thus opened up for river 
improvement, which consists in the protection of the banks, the 
prevention of inundations, and the removal of obstructions. This 
subject is dealt with in the Manual on Irrigation Works, 


• Pro. Inst. 0. E., Vol. LXXX, 1884-85. Craig on the Discharge of Catch- 
ment Areas. 

•( Tr'ken from Professional Papers on Indian Engineering, 8rd BerieS| Vol. JV, 

1886, 
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EXAMPLES ON CHAPTER VIII 

Plate XIII. 1, Qiy 0 a brief description of the peculiar conditions which 
make deltaic rivers, such as the Godaveri, particularly suitable for 
irrigation purposes. What considerations in such cases would fix 
the position and height of the anicut? 

2. What do you understand by the terra catchment basin of a 
river ? How is it determined 7 State briefly two independent methods 
of ascertaining the flood discharge of a river at any given point. 
(Coll. 1883). 

3. Give a description of the process of the formation of a delta, 
and draw an imaginary section parallel to the sea coast of a delta 
formed by two main branches of a river with several intermediate 
minor branches. 

Shew from this that natural channels in a delta are generally 
more advantageous for irrigation purposes than artificial channels. 
(Univ. 1874). • 

4. How would you ascertain the water-way required for a bridge 
(a) when the stream is dry ; ( 6 ) when the river is in flood, and over 
100 yds. wide? (Coll. 1884). 

5. If the hydraulic mean depth of a river is 6’62 ft. and the fall 
per mile 6’36 ft., what will be the mean velocity of the stream in 
miles per hour? (Univ. 1876). Ans, 62 miles per hour. 

6 . How can the velocity of a river during flood be ascertained 
by observations made at the time; and how can it be calculated 
approximately from data obtainable after the flood has subsided? 
(Univ. 1875). 

7. A river is 270 ft. wide by 10 ft. deep, with banks which 
for all practical purposes are vertical, and with a fall of 2 ft. per 
mile. How high should an anicut be to raise the water 3 ft. ? 
(Univ. 1870). Ans. 71 ft. 

8 . In a channel 20 ft. wide at bottom, side slopes 1|- to 1, 
four observations were made when the water was flowing 3 ft. 
deep, by a surface float in midstream passing between two points 
100 ft. apait. The times observed were 46, 49, 50 and 48 seconds. 
What was the discharge in c. ft. per sec. ? Ans. 110 c. ft. s. 

9. If deputed to the work of ascertaining how much water 
•scaped to the sea by the Cooum river in the months of October 
and November, how would you set to work so as to obtain the 
best result? Explain fr’ly all the practical operations you would 
go through, and then the calculations you would make ? (Univ. 1870), 





VI 


10 Determine approximately the flood discharge of a river, of Pi»t« zxii. 
the section given in fig. 74, when the mid-surface velocity is deter- 
mined by observation to be 2-4 ft. per sec. Ans. 1,600 c. ft. s. 

11. Enumerate the modes you are acquainted with for determin- 
ing the discharge of rivers. 

The catchment of the Cooum above Madras is 265 sq. miles. 

Some distance up the river, at Koratur anicut, above which the catch- 
ment area is 200 sq. miles, the flood discharge, calculated from the 
head on the anicut in maximum flood, is 10,600 c. ft. per sec Esti- 
mate the maximum flood discharge at Madras. (Univ. 1890.) A *. 


12,790 0. ft. 8. 
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MISCELLANEOUS EXAMPLES 


1. A channel irrigates 59,580 acres and the duty of water is 

60 acres per c. ft. per sec. The fall is depth of water 5 ft., 

side slopes 1 to 1. What should be the bed width ? Co-efficient o 
in Kutter's formula = 78. 

In the channel there is a drop in bed level of 6 ft. Ascertain 
the height to which the fall should be built above bed level in the 
upper reach in order that water may be delivered into the lower 
reach with the normal channel velocity. Length of fall equals bed 
width, 0 c= (Univ. 1900.) 

2. A channel leads to a tank the capacity of which is 3,000 
millions of o. ft. ; fall of channel ft. per mile. Depth generally 
permissible in channel 7 ft. The tank is to be filled in 12 days. 
Give a cross section of the channel. (Univ. 1899.) 

3. A tank system consists of four tanks, A, B, C, D. Tank 
A with catchment area 5 s. miles, discharges over two weirs, one 
75 ft. long into tank B, and the other 30 ft. long into tank C. 
Tank 13 has a catchment area of 4 s. miles, and tank 0 of 6 s. miles, 
and they both surplus into tank P, the catchment area of which 
is 8 s. miles What will be the maximum flood discharge from 
each tank according to Byves’ formula, using the co-efficients 450 and 
90. (Coll. 1898.) 

4. Calculate the flood discharge in the following case : — A bridge 
of 15 arches of 40 ft. span, 5 ft. rise, piers 5 ft. thick, is built in 
connexion with a dam with crest 9 ft. above bed. Depth of water 
in flood on crest 12 ft., afflux 4 ft., velocity of approach 8 ft., spring- 
ing lino of arches 7 ft. above crest of dam. Give reasons for the 
adoption of the co-efficients you use. (Univ. 1897.) 

5. It is required to excavate a channel to irrigate 15,000 acres, 

and the duty of water is fixed at 2 c. yds. per acre per hour. The 
channel takes off above an anicut the crest of which is at -h 25*00. 
Assuming that the water level in front of the head sluice at which full 
discharge required will bo obtained is 4* 24*00, sill of head sluice 
-p 18*00, water level in rear of head sluice -f- 23*00, calculate (o = |) 
the length of vent 4 ft. high, which is required, and determine the 
section of the channel assuming a fall and side slopes 1 to 

1 (c = 60). (Coll. 1898.) 
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6. The oafcohcaent basin of the Periyar lake is 350 s. miles. 

A maximum fall of 12 inches in 12 hours has been observed at 
one station in the basin. Ascertain the flood discharge, assuming 
that the whole of the rainfall on a standard area of 10 s. miles 
reaches the surplus. (Univ. 1897.) 

7. A channel is to bo excavated to irrigate 15,000 acres at the 

rate of 2 o. yds. per acre per hour with a velocity of about 2 ft. 
per sec. Assuming that the fall available is in the first reach 

and second reach, determine the bed width. Side slopes 

1 to 1. N in Kutfcer’s formula = *025. (Coll. 1897.) 

8. A sluice irrigates 6,000 acres. Determine the dut^^ of wate^ . 
from the following data : — Sill -f lO’OO, top of vent -f 13 00, water 
level in front -h 15 00, water level in rear 4 - 13 00, width of vent 

ft., c - f . (Coll 1895.) 

9. The water-supply of a town is derived from a reservoir in 
which water stands 30 ft. above the centre of the inlet end of the 
pipe. The water main is 2 miles long and 18 inches diameter, 
and is laid at a slope of 50 ft. per mile. If the allowance for each 
inhabitant is 60 gals, per day, of which two-thirds must be delivered 
in 8 hours, what population can be supplied ? Water to be delivered 
50 ft. above the end of the main, c = 78. (Coll. 1895.) 

10. A tank has a catchment area of 27 s. miles, and the 
maximum flood discharge is to be disposed of over the crest and 
through the vents of an escape. The vents are 2 ft. deep, and 

their lower sills are 2 ft. below crest level. Calculate, using the 
2 

formula Q = 450 M^, the flood discharge of the catchment area 
and the length of escape required on the assumptions that (1) one- 
fourth of the maximum flood discharge is to be passed through 
the vents when water has risen to F.T.L., (2) maximum water level 
is 2 ft. above P.T.L, Use f as co-efficient in both notch and orifice* 
formulae, and assume that water level in rear is always below sill 
of vents. (Coll. 1893. ^ 

11. At a certain place on a main irrigation and navigation 
canal there is a lock, and a masonry drop. The canal irrigates 
84,700 acres, and has a bottom width of 100 ft., side slopes of 1 to 
1, and bed fall of 1 in 10,000. Determine (1) the depth of water 
required in the canal, (2) the crest level of the drop, with reference 
to bed level of canal, in order that depth of water may be maintained, 
(3) the area of vents required for the lock sluices, in order that 
no boat arriving when lock is empty may be detained for more 
than 15 minutes, of which 5 are required to open and close gates 
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and haul the boat through the look, 4 minutes for filling and 6 
minutes for emptying the look. The data are — 

(a) Duty of water, 70 aores per 1 e. ft. 8. 

(J) Velooity in main canal SO >/rs. 

(c) Length of drop, 75 ft. 

{d) Co-efiicient for drop and sluices, -f. 

(e) Dimensions of lock, 150 ft. by 20 ft. 

(/) Lift of lock, 9 ft. 

(g) Centres of lock sluices, 4 ft. below water level in uppei 
and lower reaches. (Coll. 1893.) 

12. A large high level cistern can be emptied by a pipe 200 
't. long and 1 inch diameter, proceeding vertically downward from 
the bottom of the cistern. The water on leaving the pipe falls 
6 ft. further into a river. If there is 5 ft. of water in the tank, 
find the discharge from it in c. ft. per minute when the pipe is 
open ; and find also the velocity *^f the water jet as it reaches the 
river. (Univ. 1891.) 

13. An aqueduct of rectangular section, built in brickwork, is 
20 ft. wide and has a fall of 0-3 ft. per 1,000. Estimate the mean 
velocity when the water runs 4 ft. deep. In Bazin’s formula 
a = -004, ^ = *2 for brickwork. (Univ. 1891.) 

14. A channel is to be designed to carry a full supply of 528 
c. ft. per sec. with a depth of 4 ft. A full supply velocity of 3 ft. 
per sec, is considered suitable, and the soil permits of the side 
slopes being at 1 to 1. Sketch a dimensioned section of the channel, 
and calculate what the fall per mile should be. The co-efficient 
of velocity can be selected from the following table; — 

H.M.D. 2-5 30 3-5 40 4*5 

c. 67 70 73 76 78 

(Univ. 1891.) 

15. Sixteen thousand acres are to be irrigated for rice cultivation 
Lorn a river in which freshes occur at intervals of 30 days, the 
freshes lasting on an average 10 days. What storage should be 
provided ; and what should be the discharge of the supply channel, 
allowing 2 o. yds. per hour per acre as normal supply ? (Univ. 
1892.) 

16. A lock chamber is 150 ft. long, and has a mean width, 
allowing for face batter, of 21^ ft. The levels connected with it 

are— 

Floor of lock ... ... ... 6*88 

F.S.L. lower gates ... ... 12-88 

Upper sill fbed of upper reach) ... 9*72 

F.S.L. upper gates ... 15*72 
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The lock is filled by two tunnels, one in each side wall. Each 
tunnel is 3 ft. square in section at the off take, the sill of the opening 
being at bed level of upper reach. The tunnel then turns at right 
angles, so as to run parallel to the axis of the lock. There is a 
sudden drop to the lock floor, the roof of the tunnel remaining at 
its original level. The deep part of the tunnel communicates with 
the lock chamber by three arched openings, 3 ft. wide and Srh ft. 
high with their sills at floor level. The sluice shutter is placed 
above the drop, and is worked by a rack and pinion so as to give 
a full opening of 3 ft. by 3 ft. in a few seconds. Neglecting loss 
of time due to gradual opening of shutters, find the time required 
to fill the look when the canal carries its full supply. Both shutters 
are opened simultaneously. (Univ. 1891.) 

17. A sluice of three vents, 16 ft. long by 9 ft. deep, situated 
at the end of a drain, the water in which has a velocity of 1| ft. 
per sec., discharges 1,200 c. ft. per sec. into a river. Allowing 4 per 
cent for friction, what will be the head at the sluice ? (Univ. 1892.) 

18. A reservoir with a contour of 65 acres at R. L. 20-00 and 
32 acres at E. L. 17-00 has a sluice with a vent 1 ft. square at 
R. L. 10*00, discharging free. Assuming the area decreases uniformly 
with the depth, calculate the time it will take to fall each foot 
down to R. L, 17-00. Co-efficient for sluice, -62. (Coll. 1892.) 

19. A town of 50,000 inhabitants is to be supplied at the rate 
of 15 gals, per head per day from a service reservoir with its floor 
at -f 100, depth of water 12 ft. The town consists of two parts, 
and the supply is to be divided in the proportion of 1 to 4, the 
division taking place at a distance of J mile from the reservoir. The 
smaller part of the town is distant 2^ miles and the larger 1| miles 
from the reservoir. What would be suitable diameters for the main 
and sub-mains ? What would be the pressure per sq. in. at the 
town, the level of the pipes in both parts being + 12? The pipes 
should be made capabL of discharging one-half the supply in 8) 
hours. (Univ. 1892.) 

20. The Pilandorai channel at its tenth mile crosses a stream 
draining an area of 5 s. miles. It is proposed to pass the drainage 
by an inlet and outlet, and by an inverted siphon with the same 
outfall channel. The siphon is to be capable of discharging 2 in. 
and the outlet 10 in. of a maximum rainfall of 12 in. in 24 hours. 
There is 3 ft. depth of water during flood on crests of inlet and 
outlet. The rear floor of outlet is at level of channel bed, and the 
gauge on it reads 3 ft. The crests are 3 ft. above bed of channel, 
and the velocity of approach is 4 ft. per sec. What should be 
the si*4ie of the siphon, and the length of the outlet ? (Univ. 1892.) 
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21. A head sluice and channel are to be designed to supply 
4,000 acres of rice cultivation at 2 yards per hour per acre. The 
depth of water on front floor of sluice varies from 3 ft. 9 in. to 
10 ft. ; the depth of water on rear floor (on the same level as front 
floor), trom which the channel starts with a fall of ft. per mile, 
is to remain constant as nearly as possible at 3 ft. Show how 
this may be accomplished. What size would you propose to make 
the vents of the head sluice? (Univ. 1892.) 

22. The rainfall over the catchment basin, 20 s. miles in extent, 
of a tank was half au inch an hour ; after a time the depth flowing 
over the escape, 100 ft. long, was observed to remain steady at 

ft. with the tail water one foot above the weir crest. Calculate 
the discharge, and the percentage of rainfall running into the tank. 
(Univ. 1893.) 

23. A railway embankment, having a girder bridge 40 ft. span 
with splayed wings in it, divides a tank in two. While the tank 
is filling, the water is found to be 6 ft. deep on the upper side 
of the bridge, and 6 ft. on the lower side. What quantity of 
water is passing through the bridge ? State the approximate bottom 
velocity, and whether a masonry floor is necessary. (Univ. 1893.) 

24. Find the time necessary to fill a service reservoir with 
vertical sides, 100 ft, square inside, supplied from a storage reservoir 
by a pipe 12,544 ft. long, one foot in diameter: — 


Centre of pipe inlet 

10 

ft. below water level. 

Do. at exit in service reservoir 

196 

do. 

do. 

Bottom of service reservoir 

199 

do. 

do. 

Full water level in service reservoir 

169 

do. 

do. 


(Univ. 1893.) 

25. Find the fall in feet per mile of a channel to discharge 400 

c. ft. per sec. with a bottom width of 40 ft., a depth of 3 ft., and 

side slopes of 2 to 1. 

The above channel is supplied by a head sluice having four 
vents, each 4 ft. wide and 2i ft. high, with its sill on the same 
level as the bed of the channel. Find the height of the anicut 

crest above the bed of the channel in order that no water may 

pass over the anicut until the channel discharge reaches 300 c. ft. 
per sec. (Coll. 1880.) 

26. What is the maximum aggregate width which can be given 
to the piers of a bridge crossing a river 200 ft. wide with vertical 
banks, and a fall of 3| ft. per mile, so that the velocity of a flood 
10 ft. deep shall not be greater than 6 miles an hour when passing 
through the bridge? To wb^t height would the water be headed 
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back on the upper side of the piers, if the latter were built of this 
maximum width ? (Univ. 1880.) 

27. From a large distributing reservoir, which is fed by a 
rubble masonry channel 6 ft. wide and 2 ft. deep, having vertical 
sides and a slope of 9 ft. per mile, it is proposed to supply a town, 
distant half a mile, with water, to be drawn off from the side of the 
reservoir by a circular pipe with its centre 30 ft. below the surface 
of the water in the reservoir. The head of the pipe is 60 ft. above 
the town. What diameter should the pipe have in order that 
it may discharge the same quantity of water ar. the channel brings 
this being the quantity required by the inhabitants ? (Univ. 1870.) 

28. A river is 300 ft. wide at water surface; area of cross sec- 
tion 1,474 s. ft. ; length of wetted border 335 ft. ; fall 16 inches 
per mile. Assuming the banks to be vertical above the original 
surface of the water, to what height must an anicut be built to 
raise the level of the water 3 ft.? (Univ. 1877.) 

29. A new channel is 20 ft. wide at bottom with slopes of 
2 to 1 ; the surface velocity with 4 ft. of water was found to be 
117 ft. per minute. What is the least span of bridge which will 
pass a flood 5 ft. deep, the surface velocity being limited to 200 ft. 
a minute ? What amount of heading up will this bridge cause ? 
(Univ. 1882.) 
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APPENDIX I 


BAZIN’S 00-EFPICIENTS 
APPLIOABLiB TO EABTHEN CHANNELS 
TftUe oi values of c in the expression V — c v^rs where 

C = ^/•00592 (l + 


r 

c 

r 

c 

r 

c 

r 

c 

1 

16 

1-76 

67 

3-4 

70 

6-1 

77 

•2 

22 

1-8 

67 

3*6 

71 

5 2 

78 

•26 

26 

1-9 

59 

3-6 

71 

6-25 

78 

•3 

27 

2-0 

60 

8-7 

72 

6*3 

78 

•4 

31 

21 

61 

3-76 

72 

5-4 

78 

•6 

34 

2-2 

61 

3-8 

72 

5-5 

79 

•6 

37 

225 

62 

3*9 

73 

5-6 

79 

•7 

40 

2-3 

62 

40 

73 

5-7 

79 

•78 

41 

2-4 

63 

^•1 

74 

6-8 

80 

•8 

42 

2-6 

64 

4-2 

74 

5-9 

80 

•9 

44 

2-6 

66 

4-25 

74 

6-0 

80 

1-0 

46 

2-7 

66 

4-3 

74 

6-6 

81 

1-1 

48 

2-75 

66 

4^4 

75 

70 

83 

1-2 

49 

2-8 

66 

4^6 

76 

7-5 

84 

1-26 

60 

2-9 

67 

4-6 

76 

8-0 

86 

1-3 

dl 

30 

68 

4^7 

76 

8-6 

86 

1-4 

62 

3-1 

68 

4-75 

76 

90 

8 b 

1-6 

64 

32 

69 

4-8 

76 

10-0 

88 

1-6 

56 

3-26 

69 

4-9 

77 



1-7 

56 

33 

69 

1 

5-0 1 

77 
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APPENDIX II 

KUTTER’S CO-EPEICIENTS 
APPIiIOABIiE TO PIPES, OHANNETiS AND RIVBiiS 
* Table of values of c in thn expression v = Cv'rs where 

41-6 + ^ 

V B f y/x 

where r is the H. M. D., s the longitudinal slope, N a co-efficient of 


roughness. 

N. 

Channels of well-planed timber '009 

Do. of neat cement ; glazed pipes ; very smooth 

iron pipes ... 010 

Do. of plaster ; smooth iron pipes ... ... Qll 

Do. of unplaned timber ; ordinary iron pipes ... -012 

Do. of ashlar or brickwork ‘013 

Do. of rubble masonry ... ... *017 

Canals in very firm gravel ... ... ... ... *020 

Canals and rivers in moderately good order, free from 

stones and weeds ... ... 025 

Do. having stones and weeds occasion- 
ally ... 030 

Do. bad order, overgrown with vege- 
tation and strewn with stones ... *035 






Co-effician^s N of roughness. 






H.M.D. 

r 













H.M.D. 

r 

A 

•009 

•Olojoil 

•012 

018 

•013 

017 

020 

•025 

030 

•085 

0 

0 















pi ^ 

s a 


c. 

c. 

c. 

c. 

c. 

c. 

c. 

c. 

C- 

C. 

c. 

c. 



•1 

65 

67 

60 

44 

40 

83 

28 

23 

17 

14 

12 

10 

•1 


•2 

87 

75 

67 

69 

68 

45 

38 

81 

24 

19 

16 

14 

•2 

go 

•d 

111 

97 

8/ 

78 

70 

69 

51 

42 

82 

26 

22 

19 

•4 

^ *2 

•6 

127 

112 

100 

90 

81 

69 

60 

49 

38 

31 

26 

22 

•6 

« C<1 
PUCO 

•8 

138 

122 

109 

99 

GO 

77 

66 

65 

43 

35 

80 

25 

*8 

1 

148 

131 

118 

106 

97 

83 

72 

60 

47 

88 

32 

28 

1 

1 CSI 

> S 

1-5 

166 

148 

133 

121 

111 

95 

83 

69 

55 

46 

38 

33 

1*6 

2 

179 

160 

144 

131 

121 

104 

91 

77 

61 

60 

43 

37 

1 2 

oO 

1 

3 

197 

177 

160 

147 

135 

117 

103 

88 

70 

59 

".O 

44 

S 

• o 

4 

209 

188 

172 

158 

146 

127 

113 

96 

78 

66 

56 


4 

G 

226 

206 

188 

174 

161 

142 

126 

108 

88 

74 

64 

67 

6 

CO a 

8 

238 

216 

199 

184 

171 

151 

135 

117 

96 

82 

71 

63 

8 

0) 

10 

246 

225 

207 

192 

179 

169 

142 

124 

102 

87 

76 

68 

10 1 

O 

5q U 

12 

253 

231 

214 

198 

186 

165; 

149 

129 

107 

92 

81 

72 

12 

IG 

263 

242 

223 

208 

195 

I 74 I 

157 

138 

116 

100 

88 

79 

16 ' 


20 

271 

249 

231 

215 

202 

1811 

164 

144 

121 

106 

94 

84 

20 


80 

283 

261 

243 

228 

215 

193 

176 

157 

133 

117 

104 

95 

80 

! ' 

60 ! 

297 

274 

257 

241 

228 

207' 

190 

1 

170 

147 

130 

117 

107 

50 


• Tfklic ' trom Traulvviue’s Civil Engineers’ Pocket Book, 
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HMD. 

r 

Co-efficients N of roughness. 

H.M.D. 

r 

009 

•010 

j‘011 

012 

•018 

•OIB 

017 

020 

023 

030 

033 

0 

0 



c. 

C- 

c- 

c. 

C- 

C* 

c. 

c. 

C- 

C- 

C- 

C- 


o 

•1 

78 

67 

59 

62 

47 

39 

33 

26 

20 

16 

13 

11 

•1 

— ' M 

•36 

91 

79 

69 

62 

56 

46 

89 

81 

23 

19 

16 

13 

•15 

o si 

•2 

100 

87 

77 

68 

62 

61 

44 

35 

26 

21 

18 

16 

•2 

*^1 o 

•3 

114 

99 

88 

79 

71 

69 

60 

41 

31 

25 

21 

18 

•3 

5 

•4 

124 

109 

97 

88 

79 

66 

57 

46 

36 

28 

24 

20 

•4 

O) CO 

•6 

139 

122 

109 

98 

90 

76 

65 

68 

41 

83 

28 

24 

•6 


•8 

150 

183 

119 

107 

98 

83 

71 

59 

46 

87 

81 

27 

•8 

lO 

O li 

1 

158 

140 

126 

114 

104 

89 

77 

64 

49 

40 

34 

29 

1 


1-5 

173 

154 

139 

12G 

116 

99 

87 

72 

57 

47 

40 

84 

1-6 

go 

2 

184 

164 

148 

135 

124 

107 

94 

79 

62 

61 

44 

38 

2 

9o 

3 

198 

178 

161 

148 

136 

118 

104 

88 

71 

59 

60 

44 

8 

11 ^ 

4 

207 

187 

170 

156 

145 

126 

111 

95 

77 

64 

66 

49 

4 


6 

220 

190 

182 

168 

156 

137 

122 

105 

86 

72 

63 

56 

6 

03 

8 

228 

206 

189 

175 

163 

144 

129 

111 

91 

78 

68 

61 

8 


10 

234 

212 

195 

181 

169 

149 

134 

116 

96 

82 

72 

64 

10 

S u 

12 

238 

217 

200 

185 

173 

163 

138 

120 

99 

86 

76 

68 

12 


16 

245 

223 

206 

191 

180 

160 

144 

126 

106 

91 

81 

73 

16 


20 

250 

228 

211 

196 

184 

165 

149 

131 

110 

96 

85 

77 

20 


30 

258 

236 

219 

204 

192 

172 

157 

139 

118 

103 

92 

84 

30 


50 

266 

245 

228 

213 

201 

181 

166 

148 

127 

112 

101 

93 

60 


•1 

90 

78 

68 

60 

64 

44 

37 

30 

22 

17 

14 

12 

•1 


•2 

112 

98 

86 

76 

69 

57 

48 

39 

29 

23 

19 

16 

•2 

fl’i 

•8 

125 

109 

97 

87 

78 

65 

56 

45 

34 

27 

22 

19 

•3 

S M 

*4 

136 

119 

106 

95 

86 

72 

62 

50 

38 

31 

25 

22 

•4 

o ^ 

•6 

149 

131 

118 

105 

96 

81 

70 

57 

44 

35 

80 

25 

•6 

^O 

•8 

158 

140 

126 

114 

103 

88 

76 

63 

48 

39 

83 

28 

•8 

■30 

1 

166 

147 

132 

120 

109 

93 

81 

67 

52 

42 

35 

31 

1 

2 00 

1*5 

178 

169 

114 

130 

120 

103 

89 

75 

69 

48 

41 

35 

1-6 


2 

187 

168 

151 

138 

127 

109 

96 

81 

64 

63 

45 

39 

2 


3 

198 

178 

162 

149 

137 

119 

104 

89 

71 

69 

51 

45 

3 

0 ” 

4 

206 

186 

169 

165 

143 

125 

111 

94 

76 

64 

65 

49 

4 

00 

6 

215 

195 

178 

164 

152 

?34 

119 ; 

102' 

84 

71 

61 

54 

6 

^0 

8 

221 

201 

184 

170 

168 

139 

124 

107 

88 

75 

66 

59 

8 

"S 

10 

226 

205 

188 

174 

162 

143 

128 

111 

92 

78 

69 

62 

10 

^ rt 

15 

233 

212 

196 

181 

169 

150 

136 

118 

98 

86 

76 

68 

15 

03 "r^ 

20 

237 

216 

200 

185 

173 

154 

139 

122 

102 
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60 
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91 
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•1 
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85 

74 

66 

69 
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41 
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24 

18 

15 

12 
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•2 

1211 

106 

93 

83 

74 

61 

52 
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31 
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21 

17 

•2 

?i 

•3 

133 

116 

103 

92 

88 

69 

69 
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86 

29 

24 

20 

•8 
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•4 

148 

125 

112 

100 

91 

76 

66 

63 

40 

32 

27 

23 

•4 

© 

0 

'f3 

155 

138 

122 

111 

100 

85 

78 

60 

46 

37 

81 

26 

•6 

^0 

•8 

164 

145 

131 

118 

107 

91 

79 

65 

50 

41 

34 

29 

3 

■« 0 

1 

170 

151 
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123 

113 

96 

83 

69 

54 

44 

37 

32 

1 
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181 

162 

146 

133 

122 

105 

91 

77 

60 

49 

42 

86 
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£itO 

2 

188 

170 

154 

140 

129 

111 

97 

82 

64 

64 

45 

40 

2 

CQrH 

3 

200 

179 

163 

149 

137 

119 

105 

89 

72 

69 

61 

45 

3 
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4 1 

206 

185 

168 

155 
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125 

111 

94 

76 

63 

55 

48 

4 

0 " 
00 

6 

218 
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176 

162 

160 

132 

117 
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82 

69 

60 

63 
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218 
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167 

156 
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122 

105 

87 

73 

64 

67 

8 
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222 

201 

185 
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168 

140 
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108 

89 

76 

67 

60 

10 
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226 
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176 

164 

145 

181 

113 

95 

82 

72 

65 

15 
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20 1 

231 

210 

194 
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168 

149 
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117 

98 

85 

76 

68 

20 

0 
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216 

198 
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172 
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89 

80 

78 

30 


60 
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177 
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143 
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108 

94 

85 

78 
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Slope S = '0004 per unit of length 
= 1 in 2500 = 2112 feet per mile, 


Co-e£&oients N roughness. 


I.U. 

•009 

•010 

•Oil 

•012 

•013 

015 

•017 

•020 

025 

•030 

•035 

•040 

n.m.i 

r 


C- 

c- 

C. 

C* 

C- 

c* 

c. 

c. 

C ‘ 

C- 

C * 

c. 


•1 

104 

89 

78 

69 

62 

60 

48 

34 

25 

19 

16 

18 

•1 

*15 

116 

101 

90 

80 

71 

69 

50 

40 

29 

23 

19 

16 

•11 

•2 

126 

110 

97 

87 

78 

66 

64 

44 

32 

26 

21 

18 

•2 

•8 

138 

120 

107 

96 

87 

78 

62 

60 

87 

SO 

24 

21 

•8 

•4 

148 

129 

116 

104 

94 

79 

68 

65 

42 

83 

27 

23 

•4 

•6 

167 

140 

126 

113 

103 

87 

75 

62 

47 

38 

31 

27 

•6 

•8 

166 

148 

133 
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110 

93 

81 

67 

51 

42 

86 

30 

•8 


172 

154 

138 

125 

115 

98 

85 

70 

65 

45 

87 

32 

1 

•5 

183 

164 

148 

136 

124 

106 

93 

78 

61 

60 

42 

37 
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130 
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98 

83 

65 

64 

46 

40 

2 


199 

179 

162 

149 

138 

119 

105 

89 

71 

69 

61 

45 

3 


204 

184 

168 

164 

142 

124 

110 

94 

76 

63 

66 

48 

4 


211 

191 

175 

161 

149 

130 

116 

99 

81 

69 

60 

63 

6 


219 

199 

18 a 

168 

157 

138 

123 

107 

88 

75 

66 

69 

10 


227 
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164 
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9 () 
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73 

66 

20 
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81 

68 
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1 
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136 
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86 

74 

65 

68 

10 
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204 
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93 
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APPENDIX III 


Values of for use in the formula v=cv'r8 

Table I. For fall per mile. 


Fall per 
mile. 

/ CQ 
> 

Fall per 
mile. 

v's 

Fall per 
mile. 

v^S 

Fall per 
mile. 


Fall per 
mile. 


t 

tt 


/ 

n 


/ 

" 


t 

ff 


f 

// 


0 

3 

•0069 

2 

3 

•0206 

4 

3 

•0284 

6 

3 

•0344 

8 

3 

•0395 

0 

6 

•0097 

2 

6 

•0218 

4 

6 

•0292 

6 

6 

•0351 

8 

6 

•0401 

0 

9 

•0119 

2 

9 

•0228 

4 

9 

•0300 

6 

9 

•0358 

8 

9 

•0407 

1 

0 

•0138 

3 

0 

•0238 

5 

0 

•0308 

7 

0 

•0364 

9 

0 

•0413 

1 

3 

•0154 

3 

3 

•0248 

5 

3 

•0315 

7 

3 

•0371 

9 

3 

•0419 

1 

6 

; 0169 

3 

6 

•0257 

5 

6 

•0323 

7 

6 

•0377 

9 

6 

■0424 

1 

9 

•0182 

3 

9 

•0267 

5 

9 

•0330 

7 

9 

•0383 

9 

9 

•0430 

2 

0 

•0195 

i 

4 

0 

•0275 

6 

0 

•O337 

8 

0 

•0389 

10 

0 

•0435 


Table II. For fall per 5,000 feet- 


Fall per 
5,000 ft. 

Vs 

Fall per 
S,000 £t. 

v^S 

FaP per 
5,000 ft. 

•/s 

Fall per 
5,000 ft. 


Pall per 
5,000 ft. 

V's 

/ 



t 

$9 


/ 

n 


t 

n 


/ 

II 


0 

3 

•0071 

2 

3 

•0212 

4 

8 

•0292 

6 

3 

•0354 

8 

3 

•0406 

0 

6 

•0100 

2 

6 

•0224 

4 

6 

•0300 

6 

6 

•0361 

8 

6 

•0412 

0 

9 

•0122 

2 

9 

•0235 

4 

9 

•0308 

6 

9 

•0367 

8 

9 

•0418 

1 

0 

•0141 

3 

0 

•0246 

5 

0 

•0316 

7 

0 

•0374 

9 

0 

•0424 

1 

3 

•0158 

3 

3 

•0255 

5 

3 

•0324 

7 

3 

•0381 

9 

3 

•0430 

1 

6 

•0173 

3 

6 

•0266 

5 

6 

•0332 

7 

6 

•0387 

9 

6 

•0436 

1 

9 

•0187 

3 

9 

•0274 

5 

9 

•0339 

7 

9 

•0394 

9 

9 

•0442 

2 

0 

•0200 

4 

0 

•0283 

6 

0 

•0346 

8 

0 

•0400 

10 

0 

•0447 
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DARCY'S FORMULA FOR PIPES. 
GBAPflIQ KEPRESENTATION OP 0 IN THE EXPRESSION 


T'W nfe drawn', the wp’per for nevr irorif ftipes, the lower for 
V^huh %CLve boon some hme in me and^tokich have become slightly 
tfforuxtecf, TKe ^lues of C are measvred vertically j the pipe diameters 
in^TPthe&hOt^mntdU/y. ^ 

VdTcy^s formah is C /- where 

d is 'the jdiarneter of ths pipn iw festal 

ti% and ^ are toeffUieni^fi Jspendi.ig on. ihe roughness of the pipe 
Vor smooth wtoaghl and cast irorv pipes j ^^-.005 0 = .084/ 

Pof pipes dlteredi by slight incrustation, dL-.OlO <3 = .084 

jT ^ ef" sf Jis^ 'Ji‘ J6 if Sfi %£ si li si ' sf si *jf 
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BAZIN’S FO^MUU FOh CHANNELS ^PLHE IX. 

GRAPHIC REPRESENTATION OF C IN THE EXPRESSION 2* C^TS 
Bazin’* Iqrmulais £f= / - ’ -Where r is tha hydraulic mean flep^h iaot. 


ihdi 0 are to- otflcients depending on the roughness of the Channel. 

Four curves aro drawn, t, Jl,;!!!, IV, COlTfispOBdlng Wltli the 
materials of which Channel^ CuivertSy&c, aheusual/yccnslructed. 

The Values of C aro measured vfs-tTtra1iy; thosa ofthe hydraulic mean depth 
horizontally. 
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KUTTER’S FORMULA FOR CHANNELS AND RIVERS _ 

GRAPHIC REPRESENTATION OF C IN THB EXPRESSION V-CjTS. 


Gutters f omula,' is’ 0 • 




PLATE X 


N la/ai coeflSicrent varying from‘010 td ^030, anddependinn* on the rougtitiGSfl 
of thre channeU r is the hydraulic meat!! depths ? is the siae of the longitudinal 
slope. 

Six curves arc drawn. A- B. C. D* E* F, corresponding with the various 
materials of wlich-channels,, culvertpf &c- arc usually formed. 

The values of C are measured vertically; those of the hydraulic meau' depth 
honioniaUr. 
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